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Letters 


Inspection Method Sought 


Hastings, Mich. 

The article “Radioisotopes”, page 22, January 
1956, section on Radiography states that radio- 
graphy cameras are commercially available. 
We are in search of a method of inspecting 
piston rings by radiography. Any informa- 
tion you can give us will be greatly appreci- 
ated by our engineering department. 
PAUL R. BISHOP 
Industrial Engineer 

HASTINGS MFG. Co. 
(Editor’s Note: If you have information of 
interest to Mr. Bishop, write him at above 
address, or send your suggestions to us and 
we will forward them.) 


Research Secretaries 
Talk Up 
Detroit, Mich. 

I am a secretary in research and read your 
articles concerning administration in hope of 
finding good points which are particularly 
applicable to our company to drive home to 
my boss. Here are some problems I wish you 
would hammer at from all angles: (1) How 
to sell spending for research and future 
projects as against current engineering and 
production. (2) The importance of picking 
research supervisors who can administer, not 
just follow orders. (8) Picking supervisors 
who are imaginative thinkers and can en- 
courage others to create. (4) Managing re- 
search so that the utmost responsibility is 
put on the shoulders of supervisors, relieving 
over-all managers free of most detail to plan 
the future. 
MISS ANNE BOSSLER 
Secretary 

STUDEBAKER-PACKARD CORP. 


Indianapolis, Ind. 


May I please have a copy of your fine arti- 
cle Time Management for the Research Execu- 
tive which appears in your February 1956 
issue? 

This is a valuable article for any executive, 
but I am interested in it particularly from a 
secretary’s point of view. It is certainly a 
pleasure to see in print some of the ideas which 
I have tried for years to impress upon various 
bosses (not always my own). Fortunately, 
my present boss keeps my thinking powers 
employed to the utmost. However, I have had 
jobs, and I know many secretaries who have 
such jobs now, where the employer actually 


tries to do his own secretarial work and use 
his secretary as a stenographer only. With 
the present high pay and shortage of secre- 
taries why can’t employers be given more 
instructions on how to use a secretary? 

The article would be valuable to me to keep 
permanently, with the suggested redpencilling, 
to thrust in front of some hurried, harried 
executives who spend half of their time doing 
“busy” work while their secretaries sit around 


and read magazines or manicure their nails - 


although they are capable of and willing to 
do a great deal more work. 
MRS. HARRIETT MOISTNER 
Secretary to the Chief Engineer 
LINK-BELT COMPANY 


Valuable Article 


Army Chemical Center, Md. 
Thank you for your permission to reproduce 
and distribute to the executives of the Com- 
mand your article. “The DP Problem”. From 
a variety of professional articles reviewed 
each month, a particular one is chosen as a 
pertinent means of improving executive man- 
agement. Since our organization is composed 
for the most part of highly qualified technical 
and scientific personnel, we have several per- 
sonnel problems similar to those outlined in 
your article. It should be of great assistance 
to myself and key Directors in management 
and administration. 
WILLIAM H. ALLEN, JR. 
Colonel, CmlC, Commanding 
CHEMICAL CORPS ENGINEERING COMMAND 


Pittsburgh, Pa. 
I want to congratulate you for the excellence 
of RESEARCH & ENGINEERING, and hope you 
can keep it successful without giving us a 
book half an inch thick, which will be so 
formidable in size that the busy people you 
are trying to reach will by-pass it. 
Particularly I would like to single out 
Merritt Williamson’s department for an in- 
spired approach to the basic problems of re- 
search administration. His material makes 
good reading and I have a hunch he’s having 
a lot of fun doing it... can hardly wait for 
the next issue to see how the experts respond 
to the managerial problems he presents .. . 
R. E. BIRCH 
Director of Research 
HARBISON-WALKER REFRACTORIES Co. 


The DP Problem 

Poughkeepsie, N. 
Mr. Luis J. A. Villalon 
Management Affairs Editor 


When I first came across your article, “J 
DP Problem’, in the March issue, I ca 
gorized it as sensationalism, along with mv 
of today’s news. However, as I read on, © 
opinion changed. I have two comments: | 
in the profession, there are many hig 
skilled individuals, plus a few genii—so 
tend to be problem children. This is true © 
only in engineering but in all other prof 
sions, so in justice “the problem child 
abound in greater number” is not applica: 
to the- technical and scientific group; (2) 
solution to a specific problem relies on g’ 
common sense which is well stated in y 
conclusion. However, if each person is evé 
ated and treated as an individual, the 
problem would never exist. Every man ha) 
basically good nature. Let us deal with 
better part of the individual. 
EARL P. PURPURA 
Project Engineer 

DAYSTROM ELECTRIC Co 


We’re Way Ahead of ’Em 
Cleveland, C 
We noted your comments regarding the © 
letizing of fly ash in England for use in m 
ing building blocks on page 14, January 1 
issue. | 
Research work going back several years 
the Dwight-Lloyd Research Laboratories — 
produced both sintering and pelletizing m 
ods of utilizing fly ash as a fully fired li 
weight aggregate for either building ble 
and the like or monolithic concrete. 
HAROLD E. ROWEN 
General Manager 


DWIGHT-LLOYD ] 
McDoweE.. Co., ] 


Keep Us Informed 
East Aurora, N 


I have not received a copy of R/E s’ 
changing jobs and would like very mu 
have my subscription continued. I have 
noticed any copies here and believe t 
should be at least one copy circulated thro: 
the engineering and management person: 
STEPHEN A. MURTAUGH, JR. 
Systems Engineer 

Mooc VALVE COMPANY, * 
If subscribers will drop us a card giving 
old address and new, we can peep subs 
tions up to date—Ed. 
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WORLD'S LARGEST MANUFACTURER 
OF ELECTRONIC COMPONENTS 


STANDARD TUNERS have been used in 
more than 19,000,000 TV receivers and designs 
contributed by STANDARD to the industry 
have been used for many millions more. 
STANDARD has not only a tremendous 
engineering department for production and 
development but also one of private indus- 
try’s largest pure research engineering staffs 
for electronics. Only recently STANDARD at 
symposiums attended by all major TV manu- 
facturers exposed the results of several inten- 
sive years of color TV research—results 
which will reduce by several years the time 


required for the development of practical 
color TV. 


{{ 


STANDARD PRODUCTS ARE WIDELY VARIED 


for full story write or phone: Information Division, Standard Coil Products Co., Inc., Melrose Park, Illinois 


Staudarda, Coil Products Co., Inc. Chicago + Los Angeles » Bangor, Mich. + North Dighton, Mass + Toronto, Canada , 


Pioneers in Universal Replacement Tuners for TV + Originators of Packaged Tuned Circuits 
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The Engineering Shortage: Real or Imaginary ? 


Much has been written and said about a current and fu- 
ture shortage of engineers and scientists in this country. 
But not much has been official. By the time this issue has 
gone to press, the first official hearing on this matter will 
have started (scheduled to begin during the week of April 
16). The Congressional Joint Committee on Atomic Energy, 
a committee that could do something about the problem if 
it does exist, will be. listening to approximately 40 leading 
scientists, engineers and educators. 

We hope that some of the experts who appear at the hear- 
ing will represent the middle group of engineers and scien- 
tists, the men with 10 or more years of experience who 
have not yet and may never cross over to management in 
authority, responsibility and compensation. Discussions with 
the more mature, technically competent men in this group 
yields a picture quite different from that currently pre- 
sented in the nation’s press. And the picture is one that 
is essentially organized around a core of readily voiced 
economic complaints. 

Most of these men do not believe there is a-shortage of 
engineers—just a shortage of decent paying jobs. Never- 
theless, the law of supply and demand appears to be work- 
ing since starting salaries for the beginning engineer vary 
from $350 to $475 and even go up to $535 per month (high- 
est amount reported to us) for the bright engineer in the 
top 10 percent of a five year course. Those with two, three 
and four years of experience can manage to get into the 
$500 to $625 or $650 per month range, but the going be- 
gins to get rough at about $700 per month. In spite of ap- 
parently pressing needs, engineers without the proper 
background—usually some specialty training of use to the 
hiring company—will be turned away if their asking salary 
is $700 per month or higher. 

Most of the men will admit there is a shortage at the 
other end of the scale: men with advanced degrees, superb 
and proven technical competency, business management 
know-how, and development and design administration 
sense. The total number of jobs available for these men is 
significantly less, but still the shortage exists even though 
starting salaries vary from $18,000 to $30,000 per year 
coupled to the numerous side benefits usually offered man- 
agement. The reasons are obvious. Universities are still not 
set up to give a man the technical training for an MS or 
PhD and include courses in engineering management and 
administration. Engineers and scientists who have made 
the grade in this classification got there on their own, in the 
main. However, some universities and industrial companies 
have recognized this.problem and have organized special 
courses to alleviate the situation. 

But most of the men emphasize that there is not a short- 
age of engineers particularly in the middle range represent- 
ing the great mass of technically trained manpower—the 


men with 10 or more years of experience who are not 
the management rank. To them, the shortage of engine 
is as real as classifying an engineer as part of managem: 
without giving him the responsibilities and privileges 
corded management. Here are some of their attitudes: 


Yow’re a sucker if you've been on a job for more tha 
year and are not actively shopping around for more mon 
Only by this technique can you advance your salary ¢ 
keep ahead, percentage wise, with starting rates for 
gineers and comparable industry increases in other n 
engineering fields. This attitude is undoubtedly generated 
antiquated salary review systems, or systems that sov 
good but are not administered properly. They feel that t) 
can only beat the system by job hopping. And they cite 
fact that some companies have hired graduates at salar 
higher than those paid starting engineers recruited seve 
years ago; and salary differentials between men hired w 
several years of experience—the job hoppers who lear? 
early—are not commensurate with the contribution of 
more mature engineers with 10 and more years of expe 
ence. The result: a turnover more expensive than a sali 
evaluation that would have kept older, more mature 
gineers on the job. ; 


An engineer in a primary field of engineering—resear 
development, design and testing—is in no sense_a part 
management unless he is working for a small company. 
who feel this way deride the “‘stimulating”, “creative”, « 
“exciting” labels attached to engineering and scientific jc 
For them, the stimulating, creative and exciting aspects 
their jobs are covered with reams of repetitive, routine 
tails consistent with rigid production schedules of factor 
Most agree that engineering jobs need the kind of definit 
that will permit individuals to work more at the professio 
level and less at the high class technician level. 


Ask any competent engineer over 45 whether he thi 
there’s an engineering shortage. Some often can only 
jobs if they are willing to accept salaries offered to % 
with much less experience. And some large companies we 
touch them except at ridiculous salaries. Many engineers 
this classification are quite bitter. They are men who 
ceived degrees in the thirties, started at salaries of $ 
per month, reached $400 to $500 per month in the ] 
forties and then coasted with small raises into the ea 
fifties. By the time they had rationalized themselves — 
of company loyalties and made the emotional adjustm 
necessary for $2000 to $3000 cars, $17,000 to $25,000 hou 
and $2000 per year expenses for sons and daughters 
college, it was somewhat late. Few personnel men offer 
engineer $3000 to $4000 per year more than he is getti 
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Nitroparaffins and their derivatives are economical, effec- 
tive, versatile chemicals for such uses as solvents... prime 


ingredients ... raw materials .. . sensitizers . . . emulsifiers 
. analytical reagents .. . reducing agents . . . inhibitors 
... short-stoppers . . . surface activants . . . dispersants .. . 


anti-foamants. 


In a relatively short time, the members of the nitroparaf- 
fin family found wide use in many important industries. 


New groups of derivatives are being studied continually 
for new and profitable applications. Steadily increasing 
quantities of these unusual chemicals are being shipped 
from CSC’s plant in Sterlington, Ia, 


Our Market Development team is ready to work with you 
in applying these outstanding products to your processes 
and products. Samples and technical data sheets are avail- 
able on request. 
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If you can sell engineering ideas to management, you're 
better off as a salesman selling an engineered product—get 
out of the primary field. The profession is still geared to the 
belief that the men who sell the product are worth two and 
three times the men who dream the ideas up and develop 
them to the marketable stage. Men with this attitude cite 
patent agreements and bonus arrangements out of phase 
with the contribution of the product to the welfare of the 
company particularly when compared to sales staff remun- 
erations. Tied in is the comparative ease with which sales 
engineers can attend shows, conferences and engineering 
meetings on expense accounts. 


The professional societies that insist on an aloof attitude 
with respect to salaries are encouraging the growth of en- 
gineering unions. We have had a shortage of MD’s longer 
than we have had an alleged shortage of engineers. But you 
don’t hear the American Medical Association clamoring for 
more students to enter medical colleges. The major conten- 
tion of those holding this belief is that the AMA acts more 
like a union in protecting against an oversupply of doctors 
while the engineering societies are barrelling along a road 
which may make engineers available at salaries that do not 
warrant an investment of five to seven years and $10,000 to 
$15,000. Most of them remember the engineering shortage 
during 1941 to 1945 and a definite oversupply just before the 
Korean War. About this time a government study indicated 
an adequate supply of engineers and the possibility of an 
oversupply at the rate at which we were then turning out 
graduate engineers. This report has received some severe 
criticism in the past few years. But engineers looking for 
jobs just prior to the Korean War find it difficult to believe 
that if we proceed with a program to turn out 35,000 en- 
gineers per year we shall not produce a pre-Korean situation 
within the next five years. 


There is no real shortage of engineering manpower in this 
country. We would have more engineers than we could 
use if only 60 percent of the engineering graduates in the 
past 20 years were still working in the primary field of en- 
gineering. To back this point up, men point out that there is 
always a shortage of “cheap” labor in every field not pro- 
tected by rigid government minimum wage laws or union 
agreements. The garage mechanic with three and four years 
of experience can perform 75 or 80 percent of the work per- 
formed by a mechanic with 15 or 20 years of experience. 
But the older man has usually more financial responsibility 
than the younger man and cannot work for as low a salary. 
The same situation is true with respect to a number of stan- 
ard routine engineering jobs. Again as proof, these men 
offer numerous instances in which older experienced men 
were replaced by younger men at lower salaries. In addition, 
a significant percentage of the more experienced men find 
themselves drawn to the field of administration or sales be- 
cause of greater financial rewards. Some companies have 
made an earnest effort to correct this situation by equating 
senior engineering jobs with administrative functions at 
equivalent salary scales. But evidently this trend has not 
caught on fast; it undoubtedly will do so in the future. 


The government's attitude towards engineers in industry 
and engineers studying at graduate schools has been pretty 
much snafued. Not enough attention was paid to inducting 
these men into Army or Navy installations where they could 
use their engineering know-how and thus maintain their en- 


gineering status. Up until about two and one-half years ag 
this belief was certainly valid but since that time, some ef 
forts to correct this situation have been fruitful. Accordin, 
to the Engineering and Scientific Manpower Commission, i 
was quite a struggle to gain official recognition of this prok 
lem. Men engaged in defense-supporting industries wer 
quickly inducted with little regard to industry’s need fo 
their services. Students who had been deferred for graduat 
work in science lost their temporary immunity, and thei 
training was arbitrarily interrupted in mid-career by induc 
tion into the armed services. Public Law 305 now incorpc¢ 
rates provisions that make wiser utilization of scientist 
and engineers, but it will still take some time to correct im 
pressions generated by years of abuse. 


These then are some of the attitudes that should be pv 
before the Committee for evaluation. Certainly some or a 
may be classified as the normal type of gripe that occurs i 
any organization of men and at the most represents only 
small fraction of the total employed in the field. But a 
tempts to shrug off or gloss over these points would const 
tute an unhealthy approach to the evaluation of our engi 
eering manpower resources and needs. Statistically te 
many engineers are voicing these opinions. 

Last year D. G. Moore and R. Renck of the University ¢ 
Chicago reported the results of a study that found that e: 
gineers and scientists are chronically frustrated and u‘ 
happy professionals who like their work, feel it importay 
but are dissatisfied with the recognition and reward the 
receive. According to the ‘small sample’? measurements ¢ 
which our comments are based, Moore and Renck came U 
with a reliable and valid study. 

Certainly, the major problem of attracting men to wol 
in the primary fields of engineering and science and the 
holding them there is not at all 100 percent economic. B: 
the overall trend toward higher and higher costs for tl 
every day necessities has emphasized take-home pay to tl 
point where it has become a primary issue. 

The engineering manpower situation is related to the cu’ 
rent teaching situation. There are still those who claim, “W 
do not have enough good engineering teachers”. We do. T) 
trouble is that most of them cannot afford the luxury 
academic life; they are working in industry for two or thr’ 
times the salary they can pull as teachers. The entire teac 
ing problem could easily be solved by an across the boa: 
raise of 25 to 50 percent. Expensive? Yes. Reasonable? Ye 
Impossible? No. Not if the same energies went into increa 
ing instructors’ and professors’ salaries that go into expan! 
ing physical plants on the campus. In the long run, it w 
be cheaper to subject our future engineers to good enginee 
and scientists than to expose them to poor instructors w. 
communicate by “transferring statements from their not 
books to the notebooks of the students without having t! 
contents pass through the heads of either’. 

Our engineering manpower problems may be in a cor 

parable situation. We do not know. Information of this ty” 
can only be obtained by setting up.and applying a valid a> 
reliable national and industry wide survey. Interviewing t 
experts is a good starting point. But if no expert has carril 
out an authoritative survey, we hope the committee w! 
Then and only then will we know whether the engineeri: 
shortage, current and projected, is real or imaginary. ; 
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Indiana Permanent Magnets 
undergo 13 quality and uniformity tests! 


. . to help maintain a steady flow on YOUR production line 


. » to help reduce rejects on YOUR final product assemblies 


. : > World’s Most Complete Line 
| 2 — aN of Permanent Magnets! 


. > all shapes.. all sizes.. all grades..cast Alnico.. 
ts sintered Alnico.. Hyflux Alnico V..ceramic Indox 
. : ; .. Cunife..and other special magnet materials 


Yes, Indiana Permanent Magnets undergo a wide range 
of tests .. Spectograph tests . . chemical analyses . . Zyglo 
tests . . 13 tests in all to assure precise magnetic charac- 
teristics, sound structure, exact physical dimensions . . in 
short, to assure uniformity and high quality. 


Maintaining the high quality of Indiana Permanent 
Magnets is not just a one-man or one-department respon- 
sibility. Teams of physicists, engineers, technicians and 
experienced craftsmen supervise and keep a constantly 
critical eye on all stages of production. Quality control is 
this group’s most important single job . . by far! 


To be sure of better permanent magnets, take advan- 
tage of the experience of permanent magnet specialists. 
Indiana maintains the World’s largest staff of engineers 
devoted solely to the design and application of permanent 
magnets . . the World’s largest and most complete research 
and production facilities. 


. - Manufacturers of permanent magnets for the electronics, 
electrical, instrument and communications industries 


VALPARAISO, INDIANA 


THE INDIANA STEEL PRODUCTS COMPANY 


Indiana engineers, with almost a half century of experi- 
ence in “tailoring” permanent magnets for more than 
35,000 designs, will welcome the opportunity to work 
with your technical men in the development of your per- 
manent magnet designs. 


We invite you to contact your nearest Indiana sales 
engineer . . in Boston, HAncock 6-2323 . . in Chicago, 
FRanklin 2-1114 . . in Cleveland, CHerry 1-4163 .. in 
New York, VAnderbilt 6-1898 . . in Los Angeles, DUn- 
kirk 4-0465 . . in Philadephia, KIngsley 5-2036 .. in 
Rochester, HAmilton 8990. 


Write, today, for your copy of magnet 
catalog #11-Q5. This 8-page booklet 
details the wide range of Indiana cast 
permanent magnets available for imme- 
diate delivery in sample quantities. 


INDIANA 
PERMANENT 
MAGNETS 


World’s Largest Manufacturer of Permanent Magnets 
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Research and Development: Report from Britain 


Research and development in Britain is proceeding at a 
vigorous pace. If the detailed report R/E received a few 
days ago from London is any indication, British firms in all 
fields are quick to see the possibilities of new products and 
processes and to capitalize on them by extensive use of their 
own R & D facilities. 

As in the U. S., the R & D department seems to have be- 
come the focal point of many companies. One of the reasons 
for Britain’s remarkable recovery from near bankruptcy in 
the post-war years is undoubtedly the resourcefulness of 
its R & D people. To top British leaders it is clear that a 
concerted attack on the frontiers of technical knowledge is 
one way to overcome the insular weakness of a nation shorn 
of many of her colonial possessions. In short, the Common- 
wealth must continue to emphasize technological develop- 
ment if it is to retain its role in world affairs. Some areas 
of British R & D are briefly described below. 


Titanium 


As everybody knows titanium is difficult to produce and 
much still remains to be learned about its fabrication. To 
combat the current high price of the raw metal, Imperial 
Chemical Industries, Ltd., has developed a new process for 
producing titanium that uses sodium rather than mag- 
nesium to reduce titanium tetrachloride. One of the difficul- 
ties with the older process is the removal of magnesium 
chloride from the metal. Despite the opinion of some au- 
thorities that sodium reduction would be commercially un- 
feasible, the research team at the General Chemicals 
Division of I.C.I. decided to go ahead with work on it. 

Research was begun early in 1951 and first experiments 
produced seven-pound ingots. Over the next two years the 
firm built a 100-Ilb ingot reactor and a 900-lb ingot reactor. 
Eventually a large commercial titanium plant was built 
which successfully used the sodium process. 

Casting of titanium in 12-inch and 20-inch long ingots, 
and production of a high-duty alloy suitable for compressor 
discs on blades has been started by William Jessop & Sons, 
Itd. The alloy, sold under the name of “Hylite 50”, has 
creep properties higher than that of other titanium alloys. 

At Jessop research on the melting of titanium began in 
a furnace producing three-pound ingots. This was replaced 
by a pilot plant capable of melting six-inch diameter ingots 
weighing up to 40 Ibs. 

In the large-scale plant that resulted from these studies, 
and from an exchange of information with a leading 
titanium producer in the U. S., the consumable electrode, 
double melting process is used. The melting occurs in vacuo 


and ingots up to 2000-lb and 20 inches diameter are now 
being poured. 

Parallel with this work on melting, the alloying 0} 
titanium was researched. Development work was concen 
trated on improving the creep strength of alloys at 350 ti 
400° C. Creep testing rather than stress/rupture testing 
was found to be of far greater value for evaluating th) 
properties of the alloys. 


Continuous Casting of Steel 


Continuous casting of steel has received much attentio? 
in Britain as well as in this country, since it can mean ap 
preciable reductions in steel-making costs up to the stag) 
of secondary rolling. 

One of the major difficulties in developing the proces) 
has been the tendency for the ingot skin to rupture in thy 
mold. After deep fundamental studies, particularly on th 
freezing of the molten metal in the mold, the British Iro: 
and Steel Research Association evolved a spring-mounter 
mold which, when necessary, moves down with the ingo 
until the skin has frozen sufficiently. This device prove’ 
successful on a laboratory scale. 

Since such a new production technique involves fres) 
problems of plant design, an experimental pilot plant wa 
built in the BISRA laboratories at Sheffield. The proces 
was further developed by the erection of a full-scale ex 
perimental production plant which now makes ingots ¢ 
high-speed tool steel and stainless steels. 

In addition to savings occasioned through by-passi 
casting into orthodox ingots, reheating these ingots, an’ 
primary rollings to reduce the ingots to the size of the cor 
tinuouslv cast product, other savings in the new proces 
include improved yield, elimination of scaling losses, an’ 
savings due to process flexibility. 


Plastic Metal-Forming Dies 


Facing of epoxy resin dies with metal, thus giving t 
tools a longer life than high-carbon steels and making ther 
suitable for high production press work is the latest dé 
velopment of Leicester Lovell & Co., Ltd. According to th 
firm, considerable savings of time and cost can be achieve¢ 

Leicester Lovell had studied the use of plastics in pres 
tools, but the lead to development of a long-life plastic cam 
from an article in an American trade journal. Cast epoxid 
resins for press tools were developed and tried by variov, 
firms. 

The cost of material in large dies made from pure resin 
is high. Experience gained in the foundry industry wit 
silica sand was used to develop a cheap central core, afte! 
wards faced with the epoxide resin. This filled cast epoxic 
resin die lasts a long time. For example, a die punched 50 ) 

J io z) f te 


PERIODIC CLASSIFICATION OF THE ELEMENTS 


Lithium, by reason of its atomic con- 
figuration and general characteristics, is 
rightfully included as the first member 
of Group I in the Periodic Table. A de- 
tailed study of the properties and reac- 
tions of both the elements and their 
compounds, however, shows that Lith- 
ium often resembles the metals of Groups 
II and III more closely than Group I. 
Following are some characteristic dif- 
ferences: 


Lithium differs in organic 
chemistry... 
because its organolithium compounds 
form a unique class with stability, solu- 
bility and activity characteristics inter- 
mediate between those of the Group I 
and Group II organometallic compounds. 
Lithium also differs from the other 
alkali metals in that it serves as a unique 
catalyst for the polymerization of diole- 
fins to materials of definite and predict- 
able structure. It directs, for example, 
the polymerization of isoprene predom- 


inantly to 1,4 addition structures. 

Again, recent investigations have in- 
dicated an interesting potential as a 
direct reducing agent in solvents such 
as ammonia, low molecular weight 
amines, and ethylenediamine. 


Lithium differs in metallurgy... 
inasmuch as the affinity of Lithium for 
oxygen, for example, is being utilized to 
reduce porosity in copper and copper 
alloy castings. Recent research has re- 
vealed that Lithium will produce brazing 
alloys with self-fluxing properties and in- 
crease the wetting ability of these alloys. 


Lithium differs in inorganic 
chemistry... 

the usefulness of Lithium Hydride and 
Lithium Aluminum Hydride in the prep- 
aration of other hydrides having already 
been widely demonstrated. Recent 
studies indicate that other complex hy- 
drides prepared in a similar manner may 


prove to be interesting tools for research. 
The low dissociation pressure of Lithium 
Hydride at its melting point, to cite a 
specific example, is unique among all 
hydrides. LiH also has some slight solu- 
bility in polar organic compounds which 
is again unique among alkali metals. 


Lithium differs in heat 
transfer... 

based on its physical properties it has 
no equal as a liquid metal coolant. Due 
to corrosion caused at elevated temper- 
atures by impurities in commercially 
available Lithium and Lithium Metal, 
Lithium has thus far found only ex- 
perimental use. 

Why don’t you take a long look at 
Lithium? Its uniquely valuable differ- 
ences in so many diverse fields may 
prove of great interest—and profit—to 
you. Write our PR&D department giv- 
ing us details of the application you have 
in mind. Experimental quantities of Lith- 
ium Compounds are available on request. 


LITHIUM CORPORATION 
OF AMERICA, INC. 


2697 RAND TOWER 


MINNEAPOLIS 2, MINN. 


MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, North Carolina « Cat Lake, Manitoba * Amos Area, Quebec * BRANCH SALES OFFICES: New York 


FOR MORE 


Pittsburgh * Chicago « CHEMICAL PLANTS: St. Louis Park, Minnesota ¢ Bessemer City, North Carolina » RESEARCH LABORATORY: St. Louis Park, Minnesota 


INFORMATION CIRCLE 5 ON PAGE 48 


9 


ae =e 6 


Electron Micrograph showing rope-like structure of 
lithium stearate. 


Atlantic predicts 
BEHAVIOR of 


Basic studies with the RCA Electron Micro- 
scopeunderthe immediate supervision of Dr. 
Roger G. Simard, of The Atlantic Refining 
Company Research Laboratories, Philadel- 
phia, have brought the grease system into 
microscopic focus. Today’s high-speed pre- 
cision machinery demands specialized 
greases that will withstand extremely severe 
operating conditions. An ordinary lubricat- 
ing grease is a suspension of metal soap 
fibres in a lubricating oil. Distributed uni- 
formly throughout the oil, the soap fibres 
hold the oil between them, principally by 
capillary attraction. By studying these soaps 
with the electron microscope, scientists are able to correlate their struc- 
ture with the physical properties and behavior of the finished grease. 
Thus, it is possible to screen out defective batches and to set up standards 
of quality leading to the development of new and better greases. 


Dr. Simard and microscopist. 


The latest word for fundamental research on crystalline structures, 
diverse solids, metallurgical and geological specimens, tissues, bacteria 
and viruses, the new RCA Electron Microscopes provide magnification 
and resolution higher than ever before possible and include many 
advanced engineering features. Why not find out more about these 
wonderful instruments? Installation supervision is supplied, and con- 
tract service by RCA Service Company is available if desired. 


For further information on the use of the RCA Electron Microscope, write to Dept. E-281, 
Building 15-1, Camden, N.J. In Canada: RCA VICTOR Company Limited, Montreal. 


Electron Microscopes 
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GREASES aided by 
RCA ELECTRON MICROSCOPE 


RADIC CORPORATION of AMERICA 


outer door panels in 20-gage mild steel for a popular salo: 
(sedan) car. A punch, pad and ring made in the resin w 
compared with various other plastics and with high-carb: 
steel. The steel die failed after 20,000 pressings while t 
cast epoxide resin die lasted for 8500. No other plastic ¢ 
lasted more than about 1000 pressings. 

The development of metal-faced cast epoxide dies h 
changed the picture. With the same type of punch, pad a: 
ring with which high-carbon steel failed at about 20,0 
pressings, these new dies showed no appreciable wear aft 
27,000 pressings. 


Aluminum-Tin Bearings 


The use of aluminum and its alloys as bearing materi 
is comparatively recent. The most suitable addition 
aluminum to give it bearing qualities is by means of a sc 
low-melting point tin. The practical limit in a cast alur 
num-tin alloy is below 10 percent of tin, although from * 
point of view of bearing characteristics the more tin the 
is in the material the better. 

In work sponsored by the Tin Research Institute, it v 
found that when the tin content of aluminum-tin alle 
exceeds about seven percent a continuous film of tin 
formed round each aluminum crystal and causes weaken: 
of the bearing. The problem therefore was to find a meth 
of altering the distribution of tin in aluminum-tin alli 
from a continuous intergranular film to discontinu: 
pockets. 

It was found that if the aluminum-tin alloy was c¢ 
worked and subsequently heated to a temperature wh 
would cause recrystallization of the cold-worked alumint 
the tin films were broken up. This gave a structure wh 
is exceptional as a bearing material. Up to 60 percent 
can be added to the aluminum. 


Bronze-Teflon Dry Bearings 


It has been evident that a bearing material capable 
operating without any liquid lubricant would fulfill a ¢ 
nite need. In addition, such a bearing should be capable 
operating in the presence of unconventional liquids. 
should also be clean running—an important considerat 
in the food processing, laundry, textile and paper-work 
industries. 

Glacier Metals, Ltd., undertook the solution of this p 
lem and turned to polytetrafluoroethylene (known as Te 
in this country). As is well known, polytetrafluoroethy) 
has a very low coefficient of friction and has excellent 
properties. Research at Glacier Metals resulted in inco 
ration of Teflon into porous bronze with a steel backing 


Tractor with Hydraulic Drive 


The Research Station of the National Institute of A 
cultural Engineering (N.I.A.E.) has exhibited a test 
tractor with a hydrostatic transmission. The idea of hy’ 
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To see the faces tilt the page sideways, parallel to your line of vision, 


Successful problem solving begins with an attempt 
to see the problem from several points of view—if neces- 
sary to change the angle, to tilt, to distort, in order to 
achieve flexibility of perception. Successful problem solv- 
ing begins with your ability to place the problem in the 
right perspective. 


*Write for our booklet on “Problem 
Solving—The Businessman’s Guide 
to Seeing Alternatives.” 


Do you consider different aspects of your business e 
and technical problems? Do you sometimes think that 


you have solved the problem only to find the symptoms m 
reappearing in slightly altered form? Arth ur QD) “Little Puc. 
The varied industrial and technical experience of ? 


Arthur D. Little, Inc., may help you place your business Problem Solving for Industry Since 1886 


and technical problems in perspective. We are not locked 30 Memorial Drive, Cambridge 42, Mass. 
into any one company’s point of view. Most of the proj- Offices and Laboratories 

ects entrusted to us require more than specialized tech- Cambridge, Mass. ¢ San Francisco 
nical information or standard research techniques—they New York City © Chicago 
require an ability to define the problem, to see new solu- Washington, D. C. ¢ Los Angeles 


tions to them, and to place them against the background 
of the particular industrial or business situation in which 
they originated. 


Product Research (consumer, industrial) * Product Improvement + Industrial Chemistry * Advanced Equipment + Business Research « Metallurgy 
Industrial Economics « Food and Flavor « Nuclear Science + Industrial Design + Process Engineering + Domestic and Overseas Area Development 
Biological Sciences + Operations Research « Mechanical Engineering * Investors Advisory Service ¢ Diversification Guidance « Applied Mathematics 
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RCA opens 


rewarding fields in 
electronics management 


Here’s trail-blazing challenge in electronics 
engineering management that RCA’s kind 
of man will find hard to resist. Satisfactions 
and rewards measure up to highest stand- 
ards you yourself would set. 


FIELDS OF OPPORTUNITY: 


Systems— Digital Data Handling Devices » Missile 
Electronics « Radar + Inertial Navigation 


Microwave Tubes Missile Electronics 
Aviation Electronics Communications 
Radar Missile Test Instrumentation 


AT RCA: Planned advancement, liberai benefits program, 
selection of location, relocation assistance. 


Please send resume of education and experience to: 


Mr. John R. Weld, Employment Manager 
Dept. A-28D Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N. Y. 


RADIO CORPORATION OF AMERICA 


MADE BY aa IN WEST GERMANY 


MICRO TECHNOSCOPE 


A stereoscopic binocular micro- 
scope eminently suited for in- 
dustrial inspections and exam- 
inations. Intense illumination 
parallel with line of vision. 
Erect, plastic image even in 
deep cavities. 

Free working-distance of 8 
inches. Magnification changing | 
device provides rapid succes- 
sion of 6.3x, 10x, 16x, 25x 


and 40x magnifications. 


Write for literature 


CARL ZEISS, INC., 485 5th Ave., New York 17, N. Y. 


Guaranteed uninterrupted repair service 


FOR MORE INFORMATION CIRCLE 9 ON PAGE 48 


static transmission is not new. After 50 years of frustra- 
tion, however, the introduction of synthetic rubber is one 
of the major reasons why a hydraulic transmission for 
powered vehicles is now possible. 

The research at N.I.A.E. is typical of much that is best 
in British research—searches through scientific literature 
consultation with experts, studies of existing knowledge 
practical uses, and the wide variety of adjuncts and acces: 
sories. In this event, no deep fundamental research was 
necessary and the results were achieved by a small team 
because existing knowledge was traced and used throughout 

Examples of this search for knowledge are illuminating 
The original search through scientific literature and paten: 
applications gave much information. Advice on oil speed’ 
and valve faces was obtained from the Mechanical En 
gineering Research Laboratory at East Kilbride. Th 
British Hydromechanics Research Association was con 
sulted about seals). A member of the Admiralty Gunner 
Establishment was able to recommend a system of boos 
for the oil pressure, which ensured that the oil in all part’ 
of the circuit was above atmosphere pressure. This avoider 
backlash or sponginess in the control of movement—a vita 
point. 

During the building of the motors, which are in thi 
wheels, close liaison was maintained with the technicé 
departments of firms supplying mechanical components. A 
existing hydraulic pump was adapted to provide the powe? 


Laboratory Glassware | 

H. J. Elliott, Ltd., has been experimenting for many aan 
to try to avoid the lead fillings in the graduation of volv 
metric glassware, because of the contamination thus cause 
to the contents. Efforts were further spurred about tw 
years ago by inquiries about lead traces in some foodstuff, 
which were thought to have come from the graduation fil) 
ings in pipettes. 

A small Research and Development Group was set up b 
the company in the post-war years to collate the informe 
tion received from industry when the new designs in tré 
ditional laboratory glassware were introduced. 

The key to the solution of the problems of lead-fre 
markings was found in a technical journal. When followe 
up, it was recognized as a possible solution to the probler 
In the meantime, a visit to the U. S. by the Managing D 
rector resulted in the accumulation of a considerable amour 
of unpatented information. 

Details of the process are secret, but the researches r 
sulted in the development of a line of graduated glasswai 
without lead contamination. 


Other R & D Work in Britain 
Other fields of endeavor in which the British are cu 
rently engaged include: 
e Production of niobium (important for use in atom 
energy reactors) both as a metal powder and in tubes a 
sheets. 
e Use of nylon as an engineering material in convey 
chains, bearings, bushes, gears, union nuts, screws, e 
Advantages of the nylon conveyor include easy cleani 
light weight (one-eighth that of stainless steel resulting 
a considerable saving of power), acid-resistant, low coe 
cient of friction so that lubrication is almost unnecessar 
and quiet operation. i 
e High pressure flexible pipe units to carry differ 
liquids at high pressures and temperatures in the aircra 
chemical, food processing and other industries. New m 


rials such as polytetrafluoroethylene are being used. 

_ Development of a process for making very hard anodized 
irfaces on aluminum for wear resistance. Major problems 
) be overcome included the cooling of the electrolyte and 
s rate of agitation, the high current densities and the 
avere burning of the anode. 


tadio-Engineering Show a ‘‘Dud’’? 
s Specialization Breaking It Up? 


Is the increasing specialization within the electronics in- 
ustry killing-off the annual Radio-Engineering Show? 
fore than the blizzard and heavy snow must be considered 
o account for the decreased attendance at the recent Show 
n New York. And an informal and very limited survey by 
(/E has also revealed lowered interest in the Show by en- 
‘ineers attending it. However, most technical sessions were 
leavily attended, as usual. 

Some engineers may not have visited the Show because 
t was again held at the distant Kingsbridge Armory in- 
tead of the new Coliseum. Scheduled to be completed in 
ime for the Show, the massive hall was not opened until 
ate April. We shall have to wait another year and study 
ttendance figures for the 1957 Show at the Coliseum to see 
f there is a true trend downwards. If there is, it could indi- 
ate less interest in the industry wide view and more in- 
erest in the specialty conventions, which continue to grow 
n number and size. Such compartmentalization could lead 
0 many vexing management problems in the technical com- 
nunity. 

There is a possibility that the Show will eventually be 
eplaced by a group of smaller shows and conventions—one 
or each professional group or specialty in the IRE. Signs 
‘an be noted in the reexamination of the mission of the JRE 
Proceedings by its Editorial Board. According to the March 
ssue (p. 295), the board members are debating the possi- 
jility of publishing all technical papers in the 20-odd trans- 
tions of the professional groups, leaving only general 
sociation and industry news in the Proceedings. A num- 
yer of these specialized shows and conventions—computer, 
nilitary electronics, audio, microwave, semiconductor, 
magnetic amplifier, etc.—are already held. 


Job Shopping One Objective 

_A number of engineers queried by R/E admitted that 
heir only reason for attending the Show was to size up the 
market and find out how much they are worth. One 
lesigner stated that he now only attends the Show every 
her year because there isn’t that much difference from 
me year to the next. Another says that he is able to keep 
ip with new components by studying the “new products” 
izes of the technical press. At the same time more and 
ore parts are brought to him for inspection by the in- 
sreasingly active technical reps. 

At the Show a number of new transistorized devices were 
own, but the great majority of instruments still use tubes. 
here are still no transistors in television sets. Perhaps 


BALL BEARING 
ea BS) poe Fs wed 00) a 
Base NN ae CONTROL? 


e needs no lubrication 
@ minimizes friction 
@ minimizes backlash 


Controlex Remote Control units 
owe their remarkably efficient 
operation—97 %—to a unique and 
revolutionary design principle: 
ball bearings provide friction- 
free movement of a stainless 
steel blade in flexible tubing. 
Permits improved layouts of 

far greater length and curvature, 
regardless of load. Requires no 
lubrication; backlash reduced 

to a minimum. Precision 
engineered! Check Controlex 
before you specify any remote 
control application. 


Ilustrated folder gives engineering data 
and full details, write today. 


Contolex, corPORATION of AMERICA 


Building #4, Westchester County Airport, White Plains, N.Y. 
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FOR GAS 
Chromatography 


‘‘Woelm’’ 
ALUMINA 


(1) Basic aluminum oxide (cationotropic) 


(2) Non-alkaline aluminum oxide (almost neu- 
tral) 
(3) Acid aluminum oxide (anionotropic) 


“Woelm’? Aluminum has the highest activity, (grade 
1) and has defined exchange values on acid and basic 
substances. p values are constant im aqueous sus- 
pension. Optimum filtering speed without vacuum or 
pressure. 

*Woelm’ Aluminum can be used in preparatory, analytical and research chemistry for 
colorless or colored substances of natural or synthetic origin. For preparations of pw: - 
substances and the separation of mixtures. Can be used for the isolation of organic 
substances, examination for identity and purity, determinations of alkaloids, etc. 


| Grams— 100 500 1000 5000 
ORDER NOW! Each— $1.30 $5.30 $9.90 $44.55 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street New York 12, N. Y. 
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ENGINEERS UNLIMITED... 


“This might well be 


the most important letter 


Y 2 — 
ever write 


. -- because it could open the door to a 


lifetime job in a wonderful company 


If you’re an Electrical Engineer, with a 


high degree of skill and imagination in 


any of the twenty-odd fields listed right, 


we believe we can offer you the most 
promising opportunity in America. 

Since 1940, Stromberg-Carlson’s vol- 
ume has increased sixteen times. In 1955, 
we became a division of the headline- 
making General Dynamics Corporation. 
Our future is as unlimited as humans can 
promise themselves—and you could well 
grow with us. 

We are not looking for job-hoppers— 
but for men now stymied either by the 
limitations of a little company or the 
complexity of a giant. In any of the job 
classifications listed here, you'll find sat- 
isfaction and opportunity. 

And you'll like Rochester—well-known 
for its grand schools, handsome residen- 
tial sections and wide entertainment, va- 
cation and cultural facilities. This firm’s 
employee relations (including a liberal 
bonus plan) make it one of the state’s 


preferred industries. 


Write today—for an assured tomorrow! 


Audio Amplifiers 

Auto Radio 

Automation Research 
Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 


Telephone Switching Technique 


Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 


Send your letter to Mr. Howard L. Foote 


STROMBERCG-CARLSON COMPANY 


A DIVISION OF GENERAL 


DYNAMICS 


CORPORATION 


108 CARLSON. ROAD, ROCHESTER 3, N. Y. 
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some portable TV—portable in the sense that it doesn 
require a power connection—will be introduced soon wi’ 
many transistorized circuits. The dollar volume in semico’ 
ductor diodes and rectifiers is still greater than that f' 
transistors. 


Impact of Computers 

One of the liveliest sessions at the convention was 
symposium on the impact of computers on science ai 
society. The computer has had a greater effect on physi 
than business operations, according to R. E. Meagher — 
the University of Illinois. For the businessman, the cor 
puter just does arithmetic, but for the physicist it has b 
come an experimental machine in itself. In business t 
analysis of the problem is done before it is placed in t 
computer. D. Sayre of IBM supported Meagher’s thes 
when he said that “. . . the really interesting problems a 
those where we don’t know the procedures’. One examyp 


he gave was in formulating airport traffic patterns. 


Future Besign of Computers 

Integration of computers with other machines will be t 
next big task for computer designers, according to Meagh 
He says that many engineers are under the mistaken i 
pression that the only big job. remaining is transistoriz 
tion. Some of the reserve power of computers (they cc. 
tinually run ahead of the programmers) should be used 
allow the machines to program themselves. (Some of 
latest UNIVAC’s do this already.) Sayre forsees the day wh 
programmers will talk instructions into computers in 
language close to that used in talking to other progra) 
mers about programming. The shortage of programme 
received a great deal of attention at the symposium. 
Astin, head of NBS, called for intensive training progra 
Some of the speakers foresaw the day when progra 
ming will be taught in high school like typewriting. CO 
said every college freshman should be given some instri 
tion on computers. 


More or Less Patents 

There was a difference of opinion among the speake 
as to effect of machine searching of patents. One maintain: 
that the computers would throw out more patent appli. 
tions by making more accurate searches, while anotl 
speaker felt that faster searching would lead to mek 
patents. Another panel member poohpoohed machine tra: 
lation of foreign languages. He said that we don’t hat 
enough time to read all the technical publications in our 0} 
language, much less other languages. . 


Computer With Bedside Manner 


Another unusual computer application was proposed | 
the symposium on medical electronics. Dr. V. K. Zwory 
of RCA foresaw a computer that remembers the patier 
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ndition for a number of years back. When the patient’s 
90d pressure, electrocardiogram, basal metabolism, etc., 
e fed into the machine, it would issue a chart with previ- 
s characteristics superimposed on the latest ones for com- 
rison. A diagnosis would also be undertaken by the com- 
ter and a cure recommended from the memory of treat- 
ents of similar conditions. Just how the medical profession 
juld take to this computer is difficult to predict. 

At the same session, Dr. A. C. Burton of the Medical 
hool of the University of Toronto told how the circuit 
alysis techniques of electronic engineers are being suc- 
ssfully applied to analysis of man’s circulatory system. 
2 called for more engineers and physicists to enter medi- 
| research to help solve problems with engineering tech- 
ques such as circuit analysis. 


Problem for Management 


To return to the question of the possible fading away of 
e Radio-Engineering Show, a number of problems are 
ised for technical management. To keep abreast of new 
velopments, engineers and scientists should attend as 
any technical conventions as possible and meet other 
& D people with varied approaches. But faced with an 
creasing shortage of technical personnel, many firms may 
cide to limit the number of shows each staff member can 
tend. Specialty conventions and shows may then win out 
er the big industry wide show. Perhaps that’s what hap- 
med in many cases to limit attendance at the IRE Con- 
ntion? The result could be less and less understanding 
tween specialties and less shifting from one specialty to 
other, still a common practice. Do we need more or fewer 
gineers with a comprehension of the problems of their 
tire industry and profession? 


raining Engineers 


With the invasion of research and development into 
‘actically every sphere of business activity, more and 
ore engineers are going to vacate the bench and enter 
anagement ranks. In an increasingly complex, technically- 
ised economy, engineering provides an excellent back- 
ound for management—provided, of course, that the 
ecutive candidate has what it takes to handle people 
fectively. 

Training is one way of increasing the promotability of 
igineers. The management of people and of enterprises 
fast becoming a science. As such, it can be learned. 
1¢ matter of preparing scientific and engineering person- 
1 for upgrading was one of the topics discussed at the 
nt Engineering Management Conference of the Ameri- 
n Society of Mechanical Engineers in St. Louis. 
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ning on the Graveyard Shift 
According to H. R. Kemmerer of Shell Oil Company, 
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gineers 


With 16 years leadership in the vital field 

of missile research and development, Northrop Aircraft 
offers unusual opportunities for advancement in the 
categories listed below. Where better could you be, 
and grow, than with a pioneer? There’s an interesting 
position for you in one of the following groups: 


Guidance and Controls, encompassing research and 
development of advance automatic guidance and flight 
control systems for both missiles and piloted aircraft. 
Specific areas of development include: radio and radar 
systems, flight control systems, inertial guidance 
systems, instrument servo systems, digital computer 
and magnetic tape recording systems, airborne analog 
computer systems, optical and mechanical systems, 
and systems test and analyzer equipment. Within these 
areas activities include: original circuit development, 
electronic and electro-mechanical design, laboratory 
and field evaluation of systems under development, and 


reliability analysis both at a system and component level. 


Flight Test Engineering Section, which plans 

the missile test programs and establishes test data 
requirements in support of the programs. The data 
requirements are predicated on the test information 
required by the Engineering analytical and design groups 
to develop and demonstrate the final missile design, 

and are the basis from which the instrumentation 
requirements are formulated. 


The analysis work performed consists of aerodynamic, 
missile systems, dynamics, flight control, propulsion and 
guidance evaluation. The Flight Test Engineering 
Section is also responsible for the field test program of 
the ground support equipment required for the missile. 


Flight Test Instrumentation Section, which includes a 
Systems Engineering Group responsible for the system 
design concept; a Development Laboratory where 
electronic and electro-mechanical systems and 
components are developed; an Instrumentation Design 
Group for the detail design of test instrumentation 
components and systems; a Mechanic Laboratory where 
the instrumentation hardware is fabricated; and a 
Calibration and Test Group where the various instru- 
mentation items and systems are calibrated and tested. 


There are now a number of openings available for 
engineers in each of these groups at all experience levels. 


If you qualify for any of these challenging opportunities, 
we invite you to contact Engineering Industrial 
Relations, Plant 2, Gate 3B, Broadway & Prairie, 
Northrop Aircraft, Inc., Hawthorne, California; or write 
Manager of Engineering Industrial Relations, Northrop 
Aircraft, Inc., 1020 East Broadway, Hawthorne, Calif. 


NORTHROP AIRCRAFT, INC. 


Producers of Scorpion F-89 Long-Range Interceptors 
and Snark SM-62 Intercontinental Missiles. 


15 


learn the game the hard way, and this usually means 
operating pilot plants on the graveyard shift for months 
on end. Another old belief is that the engineer will under- 
stand his problems better if he learns how to do the chemical 
analysis or metallurgical examination on his own samples. 
This was true in the days when statistical significance 
of data was very little understood, but now that the 
analyst supplies a statement of the accuracy and precision 
of the test results along with the numbers, having the 
engineer do his own analysis as part of his training is a 
tragic waste of time. 

“On the other hand, short training courses on manage- 
ment policies, lectures by outside authorities, seminars 
where laboratory staff experts in several fields discuss 
pertinent problems, and formal college short courses are 
all recognized today as effective and desirable aids in train- 
ing and developing R & D engineers. In addition, partici- 
pation of the engineer in professional society activities 
should be encouraged.” 


On-the-job Training 

On-the-job training for engineers is too often an un- 
planned and inefficient procedure. To be effective it must 
be properly organized and directed. Said B. C. Boulton 
of McDonnell Aircraft Corp., another conference speaker, 
“There is great need for training supervisors in the proper 
techniques of training their men. To many young super- 
visors do not realize the importance of this phase of their 
work, and are so busy doing technical work themselves 
that they are reluctant to take sufficient time for the proper 
training of new men. Yet, their understanding of this 
problem and their cooperation are essential. They must be 
brought to realize the advantages to themselves and to 
their group, as well as to the man, of organized training 
which will more quickly bring new men up to a productive 
stage.”’ 


Promoting Engineer Development 

““Management Development Programs’ have become 
a vital part of the modern engineering enterprise,” said 
R_ P. Kroon of Westinghouse Electric Corp. “Today oppor- 
tunities for education in management techniques, human 
relations, and business administration are readily avail- 
able to anyone interested in management. Industrial con- 
cerns can promote the development of capable supervisors 
in several ways: 
e Take a real interest in the individual engineer’s growth 
e Provide diversified experience 
e Promote employee education 
e Assist the colleges 
e Relieve the engineer from jobs that can be done by 
others with less training. 


The Humanities in Engineering Education 

L. E. Lattin of Southwestern Bell Telephone Co. dis- 
cussed the role of the humanities in engineering education. 
“T should like to take issue with some who turn re-emphasis 
upon the humanities into an advocacy of introducing hu- 
manistic studies into the engineering curriculum at the 
expense of strictly engineering subjects. We cannot set 
the clock back. We have specialization—call it narrowness 
if you like—-for the simple reason that technological 
advance cannot be made without it and we shall have 
technological advance. It is necessary that each genera- 
tion shall embrace all that has gone before and then make 
its own contribution. That requires categorizing and par- 
ticular aim. It is not only inevitable in our economics but 
also it is essential to our defense.” 
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Research Leaders to Tour Europe 

Two American leaders in the field of industrial resear’ 
are now in Europe to continue their work of stimulatii 
more wide-spread interest in research programs there. T 
two, Dr. Edward R. Weidlein, recently retired president — 
Mellon Institute, Pittsburgh, and Dr. William W. Eaton, : 
industrial consultant with offices in New York City, w 
hold seminars in several European cities to acquaint indu 
trialists and businessmen with the importance of appli 
research in the productivity cycle. The project is joint 
sponsored by the International Cooperation Administrati) 
and the European Productivity Agency. : 

Last year the two men conducted a similar series of se? 
inars on applied research in a number of European indv 
trial centers. In Italy meetings were held in nine cities. 

Although Europe’s larger industrial firms have long us 
applied research to increase productivity, smaller firms é 
often unaware of the advantages of research or are fing 
cially unable to support industrial research programs. | 
their seminars Drs. Weidlein and Eaton hope to create 
better understanding of the usefulness of research progra: 
to small and medium-sized firms and to recommend ways. 
promote greater collaboration between established reseay 
institutes and these firms. 

(Note: Dr. Eaton described his impressions of last ye 
trip in an article in RESEARCH & ENGINEERING « 
titled “Industrial Research in Europe—1955” which ; 
peared in the October-November issue.) 


AEC Declassifies Technical Reports 

In a stepped-up effort to speed the flow of informat 
to industry, an AEC special team has completed its revi’ 
of 30,773 research and development reports and infor 
memoranda. The review work—aimed at declassifying § 
downgrading reports of potential use in the growing ator 
energy industry—was done at the Commission’s Oak Ric 
Operations Office by a team of 35 scientists and engine 
from major Commission installations in the U.S. 

Of the more than 30,000 classified reports review 
10,916 were declassified, 8,574 were labeled “Confid) 
tial”, and 11,283 remained in the “Secret” classificati) 
Declassified reports go into the open scientific literatu: 
and are available without restriction to all who wish thei 
Classified reports are available in accordance with the Ca 
mission’s regulation for access to Restricted Data. 


Research Progress in Tin and Nicke! 

According to the 1955 report of the Tin Research Inj} 
tute, substantial accomplishments have been made in 
research and development. Some of these achievements | 
clude development of the direct chloride method of tinn), 
cast iron and a new test for assessing the corrosion res! 
ance of tin plate. Study was continued on the flow-bright 
ing of electrolytic tin plate; electrodeposition of tin and’ 
alloys; the action of additives in tin and tin-alloy plat 
baths; the perfecting of certain techniques in produc} 
aluminum-tin bearings; the adaption of the continuous ci! 
ing process to produce thick slabs of bronze for rolling } 
extrusion; and the antifungal uses of organotin compoun: 
Other research included tin-indium and tin-thallium alle 

In the nickel industry, International Nickel Company 
ported that current research includes development of n:} 
el alloys having properties suitable for use in generat! 
power at elevated temperatures and pressures beyond | 
limits of conventional materials. Inco is also research 
nickel alloys for use in jet engines or gas turbines. _ 
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falue Analysis in Chemical Buying 


From the amount of attention being 
iven it, value analysis—the scientific 
valuation of whatever costs money—has 
pparently “arrived” as a management 
cience. Such large concerns as General 
lectric, Westinghouse, Ford and Monsanto 
hemical seem to have jumped into it with 
oth feet. 

In a paper presented to the Chemical and 
llied Products Buyers’ Group of the Na- 
onal Association of Purchasing Agents, 
. R. Sayers of Monsanto defined value 
nalysis in chemical buying as the con- 
ideration of all aspects of a proposed pur- 
nase including (1) the material itself, (2) 
1¢ positions of the material and its manu- 
acturers in the market place and (3) the 
ad use to which the material will be put, 
ith the object of affecting a more eco- 
omical purchase, thereby enhancing the 
uying company’s profits. 

When considering value analysis in the 
hemical buying field, said Sayers, the pur- 
aaser faces a combination of high capital 
squirements, highly integrated manufac- 
ire, well defined markets and market 
rices, stable pricing and strong selling. 
alue analysis in any field, he said, re- 
uires an extensive period of fact gather- 
ig including, among other things, market 
ssearch, cost-price analysis, and an under- 
‘anding of how the material is to be re- 
sived, handled and used. 


The first step in answering the questions 
raised by value analysis should be a study 
of the literature. In addition, Sayers sug- 
gests that chemists in the company’s re- 
search department can be consulted. En- 
gineering departments may also have 
evaluated the product or material in ques- 
tion. 

Reading, talking and consulting should 
lead to information on the product and its 
chemical and physical nature, how the ma- 
terial is manufactured, the basic informa- 
tion for estimating its manufacturing cost 
and possibly, problems that others may 
have experienced in working with the ma- 
terial. In addition, research should deter- 
mine the product’s position in the market 
place, who makes it, why those particular 
companies make it, what kind of chemical 
family tree is necessary for economical 
manufacture of the product, what its price 
is, and the many factors which have af- 
fected its price in the past. With this 
knowledge of the material and its market, 
the only remaining information needed is 
data on the company’s own use of the 
product. 


New Ways to Relieve Bottlenecks 
in Analysis of Stainless Steels 


For years, routine stainless steel analysis 
has been plagued by such problems as ex- 
cessive exposures of the same sample, 
lengthy calibration time on different stain- 
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by WOLLENSAK 
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of High-Speed Motion Picture Equipment 
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less steels, inconsistent results from sam- 
ples of almost identical chemical composi- 
tion, and severe drift of working curves. 

What may be a way out of this dilemma 
has been suggested in a paper by L. O. 
Hikrem and J. S. Fipphen of the engineer- 
ing department of Baird Associates, Inc., 
Cambridge, Mass. 

At a meeting of the Pittsburgh Con- 
ference on Analytical Chemistry and Ap- 
plied Spectroscopy, the scientists reported 
new levels of efficiency and accuracy in 
routine stainless steel analysis with spec- 
trochemical instruments. The report indi- 
cated that values on the order of 1 percent 
of the amount present could be determined 
for major constituents. Although the data 
presented were concerned chiefly with 
chromium and nickel, it was reported that 
results for other elements are comparable 
in accuracy. 

Apparent key to achieving such close 
accuracies is the attainment of stable work- 
ing curves through careful source and line 
pair selection. Other important factors in 
developing this technique were use of a 
long (60 seconds) pre-exposure sparking 
period and a tungsten counter electrode. 

In actual application of this method of 
analysis, substantial reduction in analytical 
time was recorded. During one phase of 
the study, some 25 different alloys, mostly 
stainless but some special alloys and tool 
steels, proved readable from the same basic 
curve. 
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Information Theory has opened up new horizons of 


The Quick Brown Fox Jumped Over the Lazy Dog 


SHAEF TO UNICEF... URGENTLY NEED TWO CARLOADS OF SAFETY PINS. CHROM 


Dear Babe. Meet me in Miami and bring Bikini. Love, Sugar 


Electronics 


The New 
Approach 


Information Theory has opened up new horizons for 


electronics. Here, in answer to requests from many 


electronic engineers who were graduated before this 


recent advance became a part of the engineering cur- 
riculum, 1s a concise antroduction to this new tool—a 
springboard to more intensive study of Information 


Theory as applied to electronics. 


Arthur S. Zamanakos 


_ Mr. Zamanakos, a graduate of 
’ Boston University, is a member 
of the Mathematics Staff of the 
Radar Division of the Naval 
Research Laboratory. He was 
formerly with the Bureau of 
Ships (Navy Department). 
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Information theory enables the electronic design engineé 
to tackle many of his problems in an entirely new manne 
Equipped with the tools offered by information theory, ¥ 
may find himself in the forefront of his field. Undoubtedl! 
however, many engineers who are now in technical manag’ 
ment graduated from engineering colleges before inform. 
tion theory was a regular subject of study. In addition, tl 
press of their duties may have prevented them from keepir’ 
up with the technical literature in the field. Based on pr’ 
fessional practice in the application of information theor’ 
this article should serve as an elementary introduction 
the subject. 

Determining the theoretical limitations of a transmissic 
system is one of the major uses of information theory. Or 
limitation imposed on the transmission system is due ~ 
thermal noise, which is inherent in the components th) 
comprise the communications system. As one writer pul 
it, thermal noise may be described as the “electrical’’ Brow 
ian movement. This movement takes place in a simp 
R-C circuit, and will be observed as voltage and curre; 
fluctuations. Further, it will be found that the mean-squa/ 
voltage is 


V’=KT/C 


where K is the Boltzmann constant, T is degrees Kelvin, a? 
C is the capacitance of the circuit. A visual example of th 
movement can be obtained by performing the followi: 
experiment suggested by F. W. Sears: Illuminate a clo 
of smoke from the side and observe it from above using 
low-power microscope. The particles in the cloud will mo 
about in a manner similar to random motion of the mo 
cules of a gas. 

Another interesting example of Brownian motion of ele 
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rons and the resulting thermal noise is the following: Sup- 
ose one has a conductor of resistance R at temperature T. 
‘he random motion of the electrons will yield small voltage 
uctuations across the ends of the conductor. The average 
alue of this voltage fluctuation is zero. Nyquist showed 
hat the spectrum of these voltage fluctuations is constant 
p to very high frequencies so that for all practical purposes 
ne can consider it a white spectrum. Noise of this type is 
ften a nuisance, but instances exist where thermal noise 
tay be the only source of information to assist you in your 
roblem. This situation is especially true in the studies of 
hot effect and electron emission from a cathode surface. 


loise Compared to Entropy 

The concepts of noise can be compared to those of thermo- 
ynamic entropy, obtaining a glimpse of information theory 
1 the embryo stage. If noise is defined as random activity, 
hen information can be considered as order wrenched from 
isorder, as improbable structure in contrast to the greater 
robability of randomness. With this concept the laws of 
lassical thermodynamics express the universal trend to- 
ard more probable states. We will be able to see that in- 
ormation can be formulated as negative thermodynamic 
ntropy, and a precise measure of certain classes of infor- 
lation can be found by referring to degrees of improb- 
bility of a state. 
‘It may be wise at this early stage to mention the various 
iterpretations of thermodynamic entropy and entropy used 
1 discussions of information. As Brillouin points out, in- 
mation is negative thermodynamic entropy, as may be 
hown in the equation 


Si=S,—-I 


here S; is the present thermodynamic entropy of a system, 
» is the initial thermodynamic entropy of the system, and J 
s the information given off by the system in its transition 
0 m S, to S;. Using one interpretation of the Second Law 
Thermodynamics, i.e., the thermodynamic entropy of an 
reversible system does not decrease or S; = So we are able 


) analyze this equation and determine the character of J. 
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to all workers in the field.) Therefore, from the manner 
in which J appears in the above equation it may be inferred 
that J is a negative thermodynamic entropy. In this deriva- 
tion the concept of thermodynamic probability enters into 
the picture and will be subsequently explained. Boltzmann 
explained the concept of thermodynamic entropy and in- 
formation very nicely when he stated that thermodynamic 
entropy is a measure of missing information so that when a 
system goes from one state to another, the difference in 
thermodynamic entropies is a measure of the information 
we have gained about this system. 

In many papers in this field the terms “information” and 
“entropy” (not thermodynamic entropy) are used inter- 
changeably. This situation may be due to Shannon’s use 
of the terms. He defines information, H, in terms of statis- 
tical probabilities. The form of H is very similar to that for 
I, and so he calls H entropy. The important distinction be- 
tween terms is that J is given in terms of thermodynamic 
entropy and A in terms of statistical probability.- This 
distinction of thermodynamic entropy and entropy will be 
further clarified as we proceed. 

Picture a particle in space that is free to move about. It 
is easy to see that the position of the particle may be de- 
scribed by giving its three position coordinates (x, y, Zz) 
and that its motion may be described in terms of the x, y 
and z velocity components. If, then, we use all six factors 
to describe the characteristics of this particle, we have a 
six-dimensional hyperspace or a phase space. That is, a 
phase space is described by coordinates of position and 
momentum (velocity). The particle is said to have six 
degrees of freedom, that is, it will be completely specified 
by giving these six coordinates. This idea may be general- 
ized in the following manner: A given body of gas, or liquid, 
or a solid will be called a system, or more specifically, a 
thermodynamic system. If it has position coordinates, 
then its complete mechanical state can be specified in terms 
of generalized (position) coordinates and generalized 
moments —a total of 27 numbers. This system is said to 
have a phase space of 2” dimensions. It should be realized 
that is equal to three times the number of particles or 
elements that comprise the system. 
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Let us prescribe that our phase space 
contains N phase points and is divided into 
unit elements of volume. The 2n coordi- 
nates that locate a phase point describe 
the state of the entire system for a particu- 
lar time. It is then possible to find N,, No, 
Nz, ... or... N, phase points in these 
elementary units. (N = N, + No+...+ 
N,.). We may define thermodynamic prob- 
ability, W, as being equal to 


Nepie by at 
This expression is merely the combination 
formula for the number of ways in which 
the N,, No, ..., N;, points may be grouped. 
It should be noted that this is not proba- 
bility in the usual sense in that probability 
usually ranges in value from zero to unity 
while thermodynamic probability as given 
here is equal to or greater than unity. 
Using this expression for thermodynamic 
probability, the thermodynamic entropy S 
of a given system is defined by the 


S= Kinw 


where K is the Boltzmann constant. 


Shuffled Cards Have High Entropy 


A mental picture of the thermodynamic 
entropy concept can be drawn by using the 
following two examples. A new pack of 
ecards with all suits arranged in sequence 
is to be assumed as having a high degree 
of order and hence very little disorder and 
a low entropy. As the pack is shuffled, the 
order decreases, the disorder increases, and 
therefore the entropy increases. In this 
instance, since there are a finite number 
of arrangements of the cards, it -is per- 
fectly conceivable that the original order 
may reappear. We must therefore assume 
that the number of shuffles (say 15) is 
much smaller than the possible number 
of card arrangements (which is 52!). Con- 
sequently, the possibility of the original 
order reappearing can be assumed to be 
zero and that the entropy increases during 
this limited number of shuffles. 

For the second example, consider a gas 
in space. The greatest degree of order of 
the phase points of a gas in phase space 
results if all are in a single unit of volume 
element of the phase space; i.e., if all are 
in a very small volume in*ordinary (three- 
dimensional) space and, all are traveling 
with the same velocity. The thermodynamic 
probability of such a state has its mini- 
mum value of unity and the thermodynamic 
entropy is zero. The more the particles 
spread out in velocity space, as they do with 
increasing temperature, the greater the 
disorder and the larger the thermodynamic 
entropy. 

A group of definitions in a rather com- 
pact form is available that effectively de- 
scribes some thinking in the field of infor- 
mation theory, which is concerned with the 
making of representations. These repre- 
sentations are to be considered as sym- 
bolism, abstract or concrete, in a very gen- 
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eral sense. Information theory involves at 
least three classes of activity: 

(1) Making a representation of some 
physical aspect of experience—the problem 
treated in scientific information-theory. 

(2) Making a representation of some 
non-physical (mental or ideational) aspect of 
experience—the problem of the Arts. 

(3) Making a representation in one space 
B, of a representation already present in 
another space A—the problem of communi- 
cation theory. 

We mean by a space any physical or ab- 
stract mathematical coordinate-framework 
or manifold, of any number of dimensions, 
in which the elements of a representation 
can be ordered. 

The relationships that exist between in- 
formation theory, mathematics and physics 
are shown in Fig. 1. Information theory is 


vt+tAv-+o 
v+to 


v+ Av 


Fig. 1. Noise, shown by broken lines, makes it 
difficult to determine signal changes. 


pictured as being the focal point, a valid 
assumption since mathematics and physics 
may be thought of as tools which enable 
one to work with the concept of “represen- 
tations” which is the heart of information 
theory. The representation is any structure 
that corresponds to another structure; 
there may be a one-to-one correspondence. 
A very elementary example would be the 
correspondence of the English word for 
“black” to the French word “noir”. This 
relation of course is part of a many-to-one 
or one-to-many correspondence since there 
are many languages. Another example may 
be the correspondence of a point in phase 
space to the state of a particular system 
of thermodynamics. 


Hartley Proposed “Amount of 
Information”’ 


R. V. L. Hartley was the first to deal with 
the concept of “amount of information”. 
He also proposed the means by which we 
can calculate the quantity H, which he calls 
the “measure of information’. Notice the 
similarity between his equation and the 
standard equation for thermodynamic en- 
tropy given above. 

Let us follow his development and see 
how he arrived at the formula 


H =n\logS 
for the measure of total information. To 


begin with, suppose we are in the proces 
of transmitting a message. At the momer 
we are not concerned with the type ¢ 
transmission, but as we will see later © 
plays a very important part in the applicé) 
tion of these theories. In order to send ov 
message we must make a certain numbe 
of selections from S symbols which ay 
available to us. These symbols may be t 
letters of the alphabet, numbers, dots ar 
dashes, etc. Our message is assumed to k 
n symbols long. Therefore we must make 
successive selections from the same grou 
of S symbols. These S symbols are avai: 
able to us each time we make a sele 
tion. Actually this amounts to choosing or 
message out of S” possible messages eac 
nm symbols long. We obtain the value & 
using the permutation theory of algebri 
The first selection requires us to pick on 
symbol out of S symbols. The second selec 
tion again requires us to make a selectio 
from S symbols, but now each of the 
symbols from the second selection may k' 
matched with each of the symbols from th 
first selection. We therefore have S? [=(s 
(s)] sequences of two symbols. 
The third selection provides us with th 
S symbols from which to choose. Each ¢ 
these S symbols may be matched with eac, 
of the previous S? possible sequences. Nov 
we have S? [=(s) (s)(s)] sequences ¢ 
three symbols. This process is performe 
N times, thus giving the result S* as th 
total number of sequences of N symbol: 
long from which we must pick one. Let 
illustrate this process using the lette 
A, B, C and D, that is S = 4. Let us assum 
that our message is to be three letters long 
that is, N = 8. The selection process at eac 
of the three selection stages is illustrate! 
in Fig. 2. 


Fig. 2. There are a number of paths betwee 
the first and third selections via the second on 


The’ diagram shows the various path 
you may take in going from the first selec 
tion to the third selection via a secon 
selection. Each path represents a sequenc 
of three symbols. We have four possib! 
choices at the first selection and fou 
choices at the second selection for a tots 
of 16 paths that we may travel in goin) 
from selection one to selection two or 
two-symbol sequences. Now the third sele 
tion also offers four choices, thereby pre 
viding us with four paths for each of th) 
16 paths already obtained for a total o 
64 paths or 64 three-symbol sequences 
Equationwise, this process takes the forr 

[(4) (4)] (4) = [4] 4 = 48 = 64 
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he process may also be shown by multi- 
lying out (A+B+C+D)8 and main- 
aining the order of multiplication since 
>is not a commutative process; i.e., 


AB# BA, ABC#¥ CAB¥ BAC 


his may not be multiplication as usually 
nderstood, but rather it may be a se- 
uence of operations. 
Considering the manner in which a gam- 
ler decides to bet in a dice game is an- 
‘her way of illustrating this situation. He 
nows that each die may show one of the 
umbers from 1 to 6 and since two dice 
re usually used, the numbers 2 to 12 may 
ypear. He further knows that the num- 
ars 2 and 12 can be formed in only one 
ay, i.e., 1 plus 1 and 6 plus 6; 3 and 11 
ay appear in two ways each; 4 and 10 
| three ways each; 5 and 9 in four ways 
ich; 6 and 8 in five ways each; and 7 in 
x ways. This is a total of 36 numbers, 
yt all different. In this example s = 36 and 
= 1 (roll of a pair of dice). With this 
formation the gambler may then con- 
ruct his betting odds based on the prob- 
vility that a certain number will or will 
yt appear. 
We may then define the measure total 
‘information H as equal to log S”. The 
umber S depends upon the type of trans- 
ission being employed. In all instances it 
ust be equal to or greater than 2, or else 
e would not be sending any information. 
his definition leads us directly to the im- 
ication that the greater the range or 
agnitude of selection we have, the greater 
the measure of information. In other 
ords, the greater the unexpectedness of 
e selection the greater the measure of 
formation. Since the logarithm is a mono- 
nically increasing function, we use it to 
Iculate information because it satisfies the 
tuitive requirement that the greater the 
lection available (or the unexpectedness) 
e greater should be the measure of infor- 
ation. The logarithm also makes some of 
e limiting processes easier to handle. 
Hartley’s application of this concept to 
csimile transmission is worth repeating: 
ne total number of selections » will be 
ual to the number of squares into which 
e picture is divided (just as the phase 
ace was divided into unit elements of 
lume). These squares may differ from 
ch other in their average intensity (just 
the unit volume in the phase space may 
“may not have contained any particles). 
1¢ number of different intensities that 
y be correctly distinguished from each 
‘ in each square of the reproduced 
ture represents the number of symbols 
available at each selection. Hence the 
al information is given by the number 
Squares times the logarithm of the num- 
r of distinguishable intensities. 


as and Expressions in 
ormation Theory 
us now begin to examine some of the 


tion theory. When considering the informa- 
tion content in a message we find two 
aspects with which we must contend: the 
a priori and the a posteriori attributes of 
the message. These attributes are described 
in the following manner: The a priori por- 
tion of the message, the structural infor- 
mation, is called the “logon”. The logon 
enables one to make a differentiation or 
distinction. A group of logons will consti- 
tute a message or information. This defi- 
nition implies that the operating charac- 
teristics of the system with which we are 
working will supply in advance the a priori 
knowledge. The a posteriori contribution is 
called the metrical information and its unit 
is the “metron”. The output of the system 
will be a series of amplitudes measured to 
some degree of accuracy. These amplitudes 
and the associated accuracy is an example 
of metrical information. 

We may illustrate these attributes by 
the following examples: First, a word or 
sentence can be represented by a sequence 
of air vibrations. The structural informa- 
tion content of such a message is given by 
the number and the time distribution of 
the readings of air pressure necessary to 
be taken at a fixed space point to charac- 
terize the vibrations. The metrical infor- 
mation content of the message is deter- 
mined by the numerical value of each 
of these pressure readings, and the ac- 
curacy with which each can be measured. 
Second, a television picture can be repre- 
sented by a space-time distribution of light 
intensities. The structural information con- 
tent of such a message is given by a knowl- 
edge of the number, position and timing 
of the light intensity pulses, over some 
finite interval of time. The metrical in- 
formation content of the message is then 
determined by the numerical value, together 
with the reproducibility of each of these 
intensity readings. 

The ability to recognize a message is ex- 
pressed by the term ‘measure of selective 
information”. In a binary system of selec- 
tion the unit is the “bit”. Here the bit 
defines the uncertainty attached to the 
choice of one message from a pair of 
equally probable messages. It has been 
pointed out that the simple “flip-flop” relay 
can store one bit of information. We can 
see from the above that the unit of meas- 
ure of selective information (and there- 
fore the base of the logarithm) is de- 
pendent upon the type of transmitting sys- 
tem used. 


Knowledge May Increase in Three 
Ways According to MacKay 


Information may assume different forms 
and thus increase knowledge by varying 
degrees. Knowledge according to D. M. 
MacKay may increase in three ways, due 
to: (1) the “unexpectedness” of the addi- 
tion of knowledge; (2) the “complexity” 


of a measurement; and (3) the “confi- 


dence” of a reading (of a dial, gauge, etc.). 
With these concepts of information you 


can formulate general principles applicable 
to the design of optical instruments (re- 


volving power), galvanometers (response-— 


time), and communication channels (band- 
width). The engineer will find a wealth of 
material in various technical journals and 
periodicals illustrating the application of 
these principles. 

Hartley’s formula for the “amount of 
information” was developed on the assump- 
tion (or hypothesis) that all selections 
were equally probable. This assumption is 
indeed a special condition that is not likely 
to be found too often. For example, if 
English text is being transmitted we know 
from experience that the probability of 
sending the letters e or a is much greater 
than for y or z. Therefore, when the selec- 
tions are not equally probable, we must 
introduce a new formula. This new formu- 
lation for H as given by Shannon is 


H = — 2 p; log: p; 


where p; is the probability of a certain 
choice being made. (The negative sign pro- 
duces a positive value of H since p;=1.) 
The logarithm to the base 0 signifies that 
our technique of transmission involves a 
binary system. The unit of information is 
the “bit” for this technique. This formu- 
lation for H represents the “average in- 
formation per symbol’. The “total infor- 
mation” which would be analogous to Hart- 
ley’s H would be. 


— nz pilogs pi 


where n is the message length. 

In an analogous manner we may define 
the entropy of a continuous distribution 
with the density distribution function 


p(x) by 


H=— f° p(2) logs p (x) da. 
For an n-dimensional space the form is 


iph ie sd ily (x17 29... , Xn) loge 
DAD avte es Sap Obie «Olin. 


As Shannon points out, an important 
difference exists between the discrete and 
continuous types of entropies. The discrete 
case gives an absolute measure, while the 
continuous case gives a relative measure 
of entropy. This relative measure is de- 
pendent on the coordinate system being 
employed. That is, a change of coordinate 
systems will produce a change in the (rela- 
tive) measure of entropy. Also, since a 
translation of axes is possible, we can end 
up with a negative measure of entropy. 
This is not possible for the discrete case. 

Shannon also points out that the im- 
portance of this measure of information, 
H, is that it makes it possible to determine 
if any saving in transmission time is possi- 
ble. This saving is obtained from the 
proper choice of encoding—the process that 
takes place in the transmitter. The encod- 
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ing technique applicable in each instance 
is dependent upon the statistics of the in- 
formation source. The economics of the 
technique must also be considered; that is, 
a complex and expensive encoding appara- 
tus may perform the necessary function, 
but its cost may be prohibitive. 

We previously considered the problem of 
describing a particle or body in a multi- 
dimensional space. The number of dimen- 
sions of this space was dependent upon the 
degrees of freedom that the particle was 
said to possess. We will now apply this 
concept to a signal. 


Shannon’s Sampling Theorem 


We have a communication channel that 
transmits a signal f(t) which is a func- 
tion of time and is band-limited (W cycles/ 
second wide). Shannon’s Sampling Theorem 
is: If a function f(t) contains no frequen- 
cies higher than W cycles per second, it is 
completely determined by giving its ordi- 
nates at a series of points spaced 1/(2W) 
seconds apart. Therefore, our signal func- 
tion may be described by giving its ampli- 
tude value at these selected points, 1/(2W) 
seconds apart. Thus, in this instance we 
may say that this signal function has 2 W 
degrees of freedom per second. 

The next important step is to see how 
Shannon developed the formula for the 
capacity of a communication channel. For 
the time being let us define this capacity 
as the rate at which a communication chan- 
nel transmits information expressed in bits 
per second. 

We begin with the following conditions: 
(1) The average power delivered by a 
transmitter is not greater than P; (2) The 
noise power N is that power which would 
be delivered to a standard unit of resistance 
and o(=N2) is the standard deviation of 
this noise; (3) W is the band-width of the 
channel. Instead of dealing with n dimen- 
sions and generalized volumes as Shannon 
does, we will attempt to work in a one- 
dimensional space, that is, with voltage 
amplitudes. 

In Fig. 3 let v be some pure instantane- 
ous signal voltage. But due to noise we may 
have instead v+o as the amplitude. Now 
let there be another pure signal voltage 
v + Av. But, again, due to the noise we 
may. have v+Av-+ca. The questions that 
confront us are: (1) When can we be sure 
to distinguish between v and v+ Av? and 
(2) How many different values or levels 
of voltage can we distinguish in the dy- 
namic range V = (P + N)3? Superimpose 
one of the amplitudes given in the sketch 
upon the other. If Av is less than o, the 
dashed segments will overlap. This con- 
dition results in a certain amount of con- 
fusion or doubt; that is, we would not 
know if the incoming signal should be v 
or v + Av. Next, if Av is greater than a, 
we definitely can distinguish between v and 
»-+Av but we are being wasteful, and 
therefore we must reduce this intervening 
gap which represents waste. If we set 
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Av equal to o+e« (and let «> 0), we will 
definitely have no overlap and for all in- 
tents no gap. Thus there will be no con- 
fusion and no waste. Following this argu- 
ment we may say that we will be able to 
distinguish almost v/s different voltage 
amplitudes or in terms of our original 
power relations, [(P + N)/N]}. 

The received signal power is equal to 
P+N. As we have shown we can dis- 
tinguish approximately 


V(P+N)/N 


different (voltage) amplitudes at each of 
the points previously mentioned in the sec- 
ond previous paragraph. We can think of 
these points as being samples taken every 
1/(2W) seconds. If we had almost no noise 
we could distinguish many amplitudes. 
Conversely, if we had a large magnitude 
of noise we can see that. we would not be 


able to recognize the received signal ampli- 


tudes; in other words, our signal would 
be completely buried or masked by noise. 
Taking the logarithm (to the base 2) of 
this ratio we obtain the amount of infor- 
mation in bits contained by one point; 
that is, 


loge V (P+N)/N = 1/2 loge (P+N)/N bits. 


Since there are 2W independent samples 
(or points) per second, the capacity of 
the channel is 


C = W logs[1 + (P/N)] bits/sec. 
When P/N is small we may obtain the fol- 
lowing simplification: 


logs [1 + (P/N)] & (P/N) logee 


1.443 P/N 
Thus 


C ™ 1.443 WP/N 


As Shannon points out, the equation for 
C implies that there may be ways of re- 
ducing our bandwidth requirements. One 
way would be a direct swap between the 
signal-to-noise ratio and bandwidth. The 
next, but not so evident, way would be to 
utilize the statistical correlation that may 
exist in the message. Here the technique 
depends on the particular properties of the 
information source, and can be regarded 
as “matching the source to the channel”. 
The final method considers the properties 
of the destination. For example, in speech 
transmission the ear is relatively insensi- 
tive to phase distortion. Consequently, 
phase information need not be transmit- 
ted very accurately (as compared to ampli- 
tude information). This provision results 
in a bandwidth saving, since we now need 
less than the usual 2W samples per second 
to specify the time function in the given 
time T. 

Further examination shows that while 
bandwidth can be saved (in the ideal sys- 
tem which makes full use of the signal 


space) at the expense of the signal-to-noise | 


ratio the saving is very expensive because 
of the fact that the logarithm changes very 


be: 

; ‘ 

slowly with changes in the power P; i.e 

you must increase the transmitter powe 

two times to obtain a 10% reduction of th 
bandwidth without harm to the signal. 


““Equivocation’”’ Necessary to 
Correct Errors 


“Equivocation” or conditional entropy i 
another factor. Equivocation is importar 
because it represents the amount of add’ 
tional information that must be transmi* 
ted to correct errors in the reception. Thes 
errors were produced by the presence © 
noise in the channel connecting the tran) 
mitter and the receiver. Equivocation ca 
also show how guessing destroys inform: 
tion. Further, a thorough comprehensic 
of equivocation will enable an engineer ~ 
devise a transmitter that will encode h 
information in such a manner so as to (J 
make full use of the system’s channel ¢ 
pacity, and (2) include additional inform) 
tion to correct errors in the reception dt 
to noise. In other words, what is the be 
that you can expect under existing co! 
ditions? Equivocation will provide you wir 
an answer. 

The extent to which information theo: 
will be applied appears to be limited on) 
by one’s imagination. D. Gabor, for € 
ample, would have us consider the pha) 
change in an electro-magnetic signal d 
to the interaction of the signal with t” 
electrons of an electron tube. By treatir 
the signal output of the electron tube © 
terms of quantum theory and by the app 
cation of information theory you may ¢ 
tain the information content of the ori 
nal signal from the corrupted signal. 
attempts to nullify the phase change © 
making photon measurements rather thi 
the simultaneous phase and amplitu: 
measurements which are otherwise nec 
sary. An ideal photon counter is insensiti 
to phase changes. Therefore, it can provi 
you with measurements which, in turn, m 
be interpreted into “information”. (A sin 
lar situation arose in the speech probleny 
A comparison with previous examples wl 
show that the frequency and number of pl 
ton measurements constitute the structui 
information and the magnitudes of the pl 
ton measurements constitute the metric 
information. 

_Currently, information theory is bei’ 
applied in the search for a solution to wk 
may be called “the radar problem’. T, 
aim of information theory in this case— 
to provide or determine the radar syste 
parameters so that the system will yie 
a specified degree of operational efficienc 
This system performance is to be attai 
in the presence of a high noise level wh 
ordinarily prevents early target trackiy 


Editor’s Note: Those interested in furt 
reading in Information Theory may obte 
a bibliography of books and period 
literature on the subject by writing to F 
SEARCH & ENGINEERING, Editorial Offi 
77 South St., Stamford, Conn. 


CERIUM OXIDE 


—a rare earth that sparked a revolution 
in a long established art in the glass industry 


land, two technicians discovered 

the amazing glass polishing 
properties of Cerium Oxide. Soon it 
was being used extensively for polish- 
ing of precision lenses in Europe. 

Then came World War II. Scientists 
in the optical industries in this country 
heard about Cerium Oxide . . . how it 
could polish faster and cleaner than 
any other known material. They 
thought that maybe this was the an- 
swer to the problem of accelerated pro- 
duction of precision optical pieces for 
our war machine. In a cloak and dagger 
operation, samples of Cerium Oxide 
were smuggled out of Switzerland. 
Tests confirmed the rumors... Cerium 
Oxide was IT! 

This was early in the 40’s when 
Hitler held most of Europe and the 
Japanese were driving toward Austra- 
lia. The urgency of our growing war 
effort was putting fantastic demands 
on the optical industry. Lenses for 
bombsights, range finders, periscopes 
and other military instruments were 
needed desperately. Production had to 
be incréased manyfold with no sacri- 
fice of split-hair accuracy. 

Lindsay, the nation’s largest proces- 
sor of monazite (the chief source of rare 
earths), undertook in 1942 the chal- 
lenging task of producing Cerium Ox- 
ide. Day after day, Lindsay technicians 
worked with patience and speed to solve 
the inevitable production problems and 
in a remarkably short time, Cerium 
Oxide was being refined with the prop- 
erties. that met the demanding stand- 
ards of the optical and glass industries. 
At about the same time, Barnesite, a 
rare earth oxide for ultra-high precision 
work, was developed and a few years 
later Lindsay took over exclusive 
production. 

By war's end, Cerium Oxide had vir- 
tually revolutionized glass polishing 
practices in this country. Today, it is 


S™= twenty years ago in Switzer- 


a report by LINDSAY 


widely used in the production of dis- 
tortion-free TV tubes, fine quality mir- 
rors and precision optical lenses. 

Opticians like Lindsay’s Cerium Ox- 
ide (sold under the trade name Crrox) 
because it enables them to polish lenses 
to prescription specifications faster and 
to give you glasses exactly as the doctor 
ordered. 

Leading automobile manufacturers 
use Lindsay’s Cerium Oxide to polish 
out windshield. scratches just before 
shipment. One of the largest producers 
furnishes its dealers with kits contain- 
ing Cerium Oxide to remove iicks and 
scratches picked up in transit. 

Why is Cerium Oxide such wonder- 
ful stuff when it comes to polishing? 
Frankly, nobody knows. Lindsay’s 
technical people have tested and re- 
tested it, put it through countless lab- 
oratory analyses and peered at it for 
hours through high-powered micro- 
scopes. Just as scientists know how to 
use electricity, but don’t know what it 
is, so too, they know that Cerium Oxide 
is aremarkably efficient polishing agent 
but why is still a mystery. 

Like all the other rare earths, Ce- 
rium Oxide is a versatile material. Re- 
search disclosed its unique potentials 
(along with didymium, neodymium, 
and other rare earths) for use in color- 


PLEASE ADDRESS INQUIRIES TOs LINDSAY (CHEMICAL (OMPANY 


274 ANN STREET, WEST CHICAGO, ILLINOIS 


FOR MORE INFORMATION CIRCLE 16 ON PAGE 48 


ing and decolorizing glass and it is 
extensively used for that purpose. An- 
other interesting use is as a catalyst 
with some chemical materials. 

Twenty-five years ago, most chem- 
ists had little knowledge or curiosity 
about the rare earths. Then the dra- 
matic emergence of Cerium Oxide as 
an important factor in the optical in- 
dustry excited interest in the full range 
of the 15 rare earth elements—atomic 
numbers 57 through 71. 

There are technical people who 
think that some of the rare earths have 
greater possibilities of revolutionizing 
processes in their industries than Ce- 
rium Oxide has had for polishing prac- 
tices. We are encouraged to think so, 
too. We are shipping rare earths regu- 
larly for use in the production of such 
diverse materials as steel, aluminum, 
glass, ceramics, textiles, ammunition 
and for a variety of applications in the 
electronic and atomic industries. 

We can give you comprehensive 
data about the many rare earth and 
thorium salts available. Your technical 
staff may find it rewarding and profit- 
able to take a long, thoughtful look at 
these unique materials, to examine 
their characteristics and, particularly, 
their potential applications to your 
own processes. 
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HOW DO YOU RATE 


AS AN R&D MANAGER? 


If it is carried out on a continual basis, the job of 
managerial self-analysis can be highly rewarding. 
Unfortunately, too many R & D managers never 
take time out to assess objectively their strong 
points and weaknesses, But even when they do, 
self-appraisal is only a point of departure. From 
then on, it’s a matter of finding the best ways to 


remedy the indicated weak spots. 


tj David A. Emery 


Dr. Emery, who received his Ph.D. 
in Social Psychology from M.I.T. 
in 1948, is presently a consultant 
to General Electric’s Advanced 
Management Course at Ossining, 
N. Y. Past affiliations include the 
American Management Associa- 
tion and the Research Institute of 
America. 
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Research and development, as a separate, distinct and’ 
organized corporate activity, has come into its own over) 
the relatively brief span of the past 10 to 15 years, or since 
the beginning of World War II. And with the new status 
and respect accorded R & D by company top management, 
and the public has come a whole series of challenges for) 
today’s R & D manager. 

During 1956 and for every foreseeable year to come, 
these challenges will be equalled by few positions in our 
modern technological system. Consider, for example, the 
challenge of automation; the challenge of frontier research;) 
the challenge of R & D management itself. Last but by! 
no means least is the big challenge of finding and training 
the necessary staff so that the research machine may be 
kept rolling on all 16 cylinders, with maximum efficiency) 
and productivity. 

Since one of the R & D manager’s primary responsibilities) 
is to acquire and develop his staff, he must have sufficient 
technical know-how to appreciate the problems of his sub-: 
ordinates. Moreover, in dealing with personnel, he must 
possess the ability to plan the scope and objectives of an’ 
R & D program for his group; to divide this program into) 
integrated, workable units; and to grasp the complex re- 
lationships between these units. 

All this, of course, requires more than technical com 
petence on the part of the technical manager. It means 
more than being a top-notch man in one or several fields. 
The R & D manager must, in addition, possess managerial) 
ability and skill in working with and through people: Hel 
must deal successfully with top management; he must re- 
tain the cooperation of his associates in other departments; 
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d he must provide enlightened leadership for his own. 
It all adds up to this: If you’re an R & D manager today, 
u don’t just face problems similar to those of regular 
nagers—YOU ARE A FULL-TIME MANAGER. And 
u are likely to have more managerial problems than other 
pes of managers because you are dealing chiefly with well 
ucated, creatively-inclined people. 


lationship Between Technical Competence 
id Managerial Ability 
The question is: How good an R & D manager are you? 
} you develop your answer based on the self-analysis ques- 
ms in this article, bear in mind that no systematic evi- 
nce exists to indicate a correlation between technical 
mpetence and managerial ability. If anything, there is 
me reason to believe that they are inversely related. Some 
ychologists suggest that the type of person who is willing 
bury himself in concentrated study and research is in- 
tely less likely to have easy relationships with people. 
hers blame the years of study rather than any inborn 
ndencies, pointing out that technical people by-and-large 
ver have had time to develop their social skills. 

If there is any validity in either of these theories, the 

sult is a double challenge for the R & D manager: He 

proaches the job of managing with a personal handicap, 
he must manage men who are also more likely to feel 

home when dealing with a mathematical, rather than a 

man, equation. 

You say you like people? Find them easy to deal with 
responsive to your approach? Fine—but it’s still worth 
Sing to reflect: A manager can be popular with his 

periors, his associates and his subordinates—and still be 
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a weak manager. 

Whatever your personal ability as a manager (as judged 
by yourself and others), you might like to gauge it in a 
more formal fashion. The self-analysis questions in the 
checklist below cover such critical areas of management 
as policy formulation, planning, selection of personnel, per- 
formance appraisal, communications, and others. After 
you’ve checked the answers that fit you best, turn to page 
26 for a discussion of the questions and how a first-rate 
manager might answer them. 


Your Self-Analysis 

1. In planning research programs, it’s your feeling that— 

[_] (a) any attempt to look more than six months ahead is 
a waste of time and can lead to costly mistakes. 

[_] (6) competent managers have their plans for the year 
ahead pretty well pin-pointed, but limit their projec- 
tions to a 12-month period since anything beyond that 
puts you in the “crystal-ball’’ department. 

[_] (c) the further one looks ahead and the longer the range 
is covered by specific plans, the better it is for the 
R & D department and the business as a whole. 


2. Company and departmental policies should be— 

[] (a) an unwritten, but thoroughly familiar code that out- 
lines company-wide and departmental “ground-rules.” 

[] (b) guides to behavior at the company and depart- 
mental level that are written down in general terms 
only and available to employees upon request. 

[] (ec) detailed treatments of what is, and what is not per- 
missable in your particular organization that are spelled 
out in writing and distributed to every individual in 
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the company. 


3. To select new men, you rely on— 
(a) an extensive battery of psycholo- 
gical tests. You feel that personal 
interviews are of little value because 
impressions are often founded on mis- 
leading behavior of the candidate. 
(b) independent reports of his past 
performance by those to whom he was 
directly responsible. You feel that all 
too frequently, people can turn on the 
charm for their hiring interview and 
can even give the “right answer” to 
written tests of ability and person- 
ality. 
(c) your own impressions as devel- 
oped in an extensive personal inter- 
view covering the man’s past work 
experience, his reason for leaving 
his last job, his long-range work ob- 
jectives and why he thinks your com- 
pany is a good place for him to work. 
4. Your approach to training is to— 
By (a) allow maximum freedom for the 
individual’s initiative and ingenuity 
by letting him figure things out for 
himself. 
(b) apply the “baptism under fire” 
approach of putting a new man right 
to work on important work and giving 
» him a helping hand when he needs it. 
(c) hold off on assigning the new- 
comer to any real work until he has 
completed a series of training assign- 
ments that are similar to his future 
work but do not involve any signifi- 
cant company expenditures. 
5. When it comes to appraising a man’s 
contribution, you— 
ie (a) hold regular appraisal interviews 
at least once a year in which you and 
your subordinate discuss his perform- 
ance to the point of mutual under- 
standing as to where his major 
strengths and weaknesses lie and 
what both of you will do to help him. 
(b) leave this matter up to the em- 
ployee as long as his performance is 
satisfactory. 
ra (c) feel that performance is a matter 
for action rather than words. Your 
people will know soon enough when 
they’re slipping, and their pay and 
promotions will tell the story. 


about company and department objec- 

tives, plans and decisions, it’s your judg- 

ment that— 

al (a) the less an individual knows 
about matters beyond his control, the 
less he’s likely to worry and the more 
he’ll be able to concentrate on his 
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own responsibilities. 

(b) the more an individual is told 

about such matters, the better his un- 

derstanding of the purpose of his own 
work and the more likely he is to feel 
like part of the team. 

[] (c) it’s all right to tell employees 
about things that you shouldn’t mind 
having your competitors know, but in- 
formation concerning new products 
and policies, coming changes in meth- 
ods, and so on should be top secret 
until the changes actually take place. 


7. Your approach to delegation of au- 
thority is to— 

a (a) give every employee the maxi- 
mum amount of authority be can pos- 
sibly carry, on the grounds that this 
will stimulate personal growth even 
if it causes an occasional mistake 
along the way. 

(b) grant a certain amount of au- 
thority but keep it well within the 
limits of what you are absolutely sure 
the man can handle. This gives the 
individual a feeling of security. 

(c) limit delegation of authority to 
the bare minimum required for effec- 
tive completion of the work, since 
it’s much better to have a man com- 
ing in occasionally for help and guid- 
ance than fouling up costly operations. 


8. Communications among your subor- 


dinates should be— 


ey (a) limited to just what is absolutely 
necessary in order to get the work 
done, since anything beyond this 
actually amounts to lost time. If per- 
mitted to run unchecked, this over- 
communication can add up to a ser- 
ious cost leak. 

(b) allowed to run its own course. 
Since outright restraint may be re- 
sented, you feel it’s better to keep 
hands off and just set a good example 
by holding your own communications 
to a minimum. 

(c) encouraged. You feel that free- 
and-easy communication among your 
group is essential to building team 
spirit. Also, it is a good means of 
spreading the know-how possessed by 
your more experienced men. 


penses. These two critical measures 
can tell any intelligent manager all 
he needs to know about his depart- 
ment. 

(b) watching results, and holding 
occasional confidential chats with cer- 


a 


in writing. But just how specifically 
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tain key men whose attitudes refle 
a better understanding of manag 
ment’s problems than others. 
(c) watching results, welcoming i 
terviews with anyone and everyo 
who desires to speak with you, a) 
holding regular departmental mee 
ings in which all are encouraged 
bring up anything they would like 
have discussed. | 


10. In order to make efficient use of yo 
own time, you— . 
fe (a) budget your time for the es 
activities you must carry out, ru 
ning an occasional check to veri 
whether your typical day, or wet 
comes anywhere near to budget. 
(b) instruct your secretary to scre 
callers and at certain times to alli 
only critical calls to come throug) 
Cl (c) take things pretty much as th 
come, allowing the demands of t 
business to determine your schedu 
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Discussion of the Questions 

Planning Research (Item 1). (c) 
our choice. Long-range planning ¢ 
lead to mistakes, of course, but it’s pre” 
well established that one of the key chi 
acteristics of the successful manager 
his consistent looking ahead. This is py 
ticularly true of the successful R &} 
manager. In top management circles ©} 
of the ways of judging how “big” a mi 
is, is by how far ahead he plans. 1} 
General Electric, for example, manages 
are expected to plan in two phase 
“short-range” plans for the next 18 mor! 
period, and “long-range” plans for t 
next five years. Some companies evi 
ask their executives to plan ahead o 
10-, 15- or 20-year basis. 

Policies (Item 2.) This is a “cate” 
question in the sense that any one of t2 
three alternatives can be the best one i? 
you—depending upon the type of 
ganization to which you _ belong. 
example, in a small company with lor 
service employees and a very low tur 
over, policies may be so well known tl 
the appearance of a formal, written I! 
could be a disturbing factor (if int: 
preted as meaning that top manageme 
was “cracking-down”, or that “‘we’re 
longer able to reach understanding o 
personal, man-to-man basis”. 

In larger organizations, it has gen) 
ally been found helpful to put police) 


but leave the details up to the imagir 
tion and sense of responsibility of | 
individual. On the other hand, wh 


nagement is burdened with a bunch of 
.* lawyers” in its ranks, it may be 
necessary to spell out specifics—even to 


the penalties involved. 
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Selecting New Men (Item 3). This is 
also a “catch” question, in the sense that 
no one of the alternatives listed is as 
good as using any two, or better still, all 
three. The selection of a future tech- 
nical employee deserves all the time and 
effort you can give it, since there are so 
many critical factors to be checked. 
Among the most important are— 

...his personal and business ethics 

(beware if the gap between the two is 

significant) ; 

... his technical competence; 

... his general attitude towards his fel- 

low men; 

... his sensitivity and flexibility (the 

two most important traits where tech- 
_ nical and personal growth are desired). 
_ The conclusion, then, is to get as broad 
a sample of the candidate’s personality and 
behavior as one can. Psychological tests 
can help—particularly when it comes to 
uncovering serious personality disorders 
and as a means of confirming impressions 
gained through personal interview. Checks 
on past performance are a must, and be 
sure to get reports from more than one 
source to eliminate possible bias. But even 
where the past reports are doubtful, you 
owe it to the candidate and to yourself 
to give him a thorough, personal going- 
over. Men do change. You may find out 
why his past has been checkered, and why 
he will turn into a steady performer in 
your particular situation. 


Training (Item 4). (b) is our choice. 
The “... maximum freedom for individual 
initiative and ingenuity .. .” approach 
in (a) is usually little more than ration- 
alization on the boss’s part for no train- 
ing at all. This “sink or swim’ method 
has long ago proven too expensive for 
companies in a competitive business. 

_ Alternative (c) sounds like a wise and 
considerate approach. However, more 
and more firms are finding it too expen- 
sive because— 
_...trainees do not learn as rapidly or 
as thoroughly when their assignments 
are primarily for training purposes; 
... the company gets little value from 
trainees during the training period. 
The “baptism under fire” technique 
)) has returned to popularity because 
s based on the very sound principle 
learning by doing, and the fact that 
ae trainee is much more highly motivated 
when he knows that what he does counts. 
le critical point in this approach is to 
‘sure the trainee does receive all the 


knows that they should hold regular ap- 
praisal interviews, a surprising number 
of managers just don’t seem to get around 
to it. And when they do, the interview 
too often fails to get down to cases. It’s 
hard to tell a man where his weaknesses 
lie. Most of us would rather leave it at: 
“You’re doing a pretty good job, Joe. Try 
and make it even better next year.” This 
kind of appraisal may be easy, but it 
doesn’t give much help. 

The only real appraisal is one that 
leads to a mutual understanding and ac- 
ceptance of the subordinate’s_ specific 
strengths and weaknesses. One method 
that many managers have found helpful 
is to let the subordinate do as much of 
the appraising as he can. The fact that he’s 
telling, rather than being told, lowers his 
resistance to facing the facts. 


Employee Information (Item 6) (b) is 
our choice. (a) is out because it has been 
proven time and again that employees who 
do not understand the relationship be- 
tween what they are doing and the final 
product or objective lose their drive to 
produce. The same thing is true with 
respect to information about top level 
problems and planning.: If the employees 
aren’t informed, they feel left out. Once 
they feel left out, their work invariably 
drops in quality and quantity to the bare 
minimum required to hold the job. 

(ec) is out, too, because it is almost im- 
possible to keep important plans com- 
pletely secret. What happens is that the 
news leaks out and usually reaches em- 
ployees before middle management hears 
about it. This creates a morale problem 
in the ranks of management, since people 
resent learning “top secrets” from their 
subordinates. 

(b), then, is the only feasible alterna- 
tive and the best one. By deliberately 
letting people in on advance develop- 
ments you give them a feeling of “be- 
longing’, for which everyone is grate- 
ful. Moreover, if this information is 
passed out through regular channels 
down the line of management, its distri- 
bution will strengthen relationships at 
each level of the organization. 


Delegation of Authority (Item 7). (a) 
is our choice. This follows the approach 
recommended on training and distribution 
of information: The more authority, 
knowledge and responsibility a manager 
can give his subordinates, the greater 
their contribution will be and the faster 
they will grow. Putting it negatively, 
there’s nothing like authority withheld 
to make a man feel he’s unappreciated, 
unaccepted and even mistrusted. 


Communication (Item 8). (c) is our 
choice. “You’re paid to work, not to talk”, 
is a thing of the past in enlightened 
managerial circles. Psychologically, hu- 
mans have a need to communicate with 
each other. If this need is blocked, frus- 


tration will result and this in turn fre- 
quently leads to aggressive feelings 
against the blocking agent. Even if you 
could take this in your stride, the fact 
is that people have to communicate in order 
to work together, and once communica- 
tion starts, it is impossible to restrict it 
solely to the work at hand. To try would 
cost many times more in morale than it 
could save in talk time. 

Allowing communications to run their 
own course (b) is better than bottling 
up employees. The manager who does 
this, however, is missing an excellent 
chance to turn random conversation into 
productive thinking about departmental 
problems. This can be done by deliberate- 
ly stimulating employee communications 
in areas where difficulties exist, or where 
innovations would help. 


Keeping Tab (Item 9) (c) is our choice. 
(a) is out because the information that 
can be read off performance and expense 
records often comes too late. With better 
communications, the manager can correct 
minor difficulties before they reach the 
costly stage—at which time they are 
usually much more difficult to remedy. 

(b) is also out because it is likely to 
be regarded as the ‘spy’? approach to 
fact-finding. Actually, it’s amazing how 
many managers who know better slip into 
this dangerous practice because on the 
surface it seems easier and more econom- 
ical than time-consuming departmental 
meetings. Unfortunately, what may be 
economy from the manager’s point of 
view looks like the “Crown Prince” ap- 
proach from his subordinates’ standpoint. 


Time Management (Item 10). (a) is 
our choice (but we have yet to do it). 
(c) is the most common practice. It’s 
also a major contributor to the high- 
pressure, ulcerated existence of many 
managers. Men who operate this way may 
be productive, but if they are it’s in spite 
of their undisciplined work habits. 

(b) isn’t enough, either; the persistent 
people still get through. Moreover, this 
means that problems are dealt with on 
the basis of their owner’s aggressiveness 
rather than actual situational needs. 

A good R & D manager could miss one 
or two of these questions—if he had a 
good reason for selecting another al- 
ternative.» But beyond that, you’d better 
given some serious thought to how you 
can sharpen your skills as a manager. 

One point that you—as a member of 
engineering management—will appreci- 
ate: the real contributions to the field 
of management are not being made by 
those who stress ‘innate, intuitive” skills 
in human relations. Instead, it’s the 
more readily definable, measurable and 
teachable practices of systematic manage- 
ment such as careful planning, clear-cut 
organization, prompt decision and true 
delegation that are proving to be of last- 
ing value. END 
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NOISE ELIMINATION SIMPLIFIED 


Designers will find the “Soundscope” useful in tracking down 
the source of objectionable noises in machines under develop- 
ment. Doing the same job as three or four separate instru- 
ments, it breaks up the audio range into eight octave bands for 
analysis up to 150db. Manufactured by Mine Safety Appli- 
ances Co., Pittsburgh, Pa., the portable instrument is powered 
by seven dry cells and incorporates 14 subminiature tubes. The 
compact construction of the 20-lb device is illustrated above. 


FLUORESCENTS IN THE GROOVE 


Running deep grooves along the glass tube doubles light output of fluorescent lamps with no loss in 
efficiency. The grooves throw more light downwards, an additional advantage. Here GE’s Eugene| 
Lemmers of Nela Park, Ohio, who developed these “Power-Groove” lamps, measures their light out’ 
put. They should be available in the fall for commercial and industrial lighting. Design problem te) 
date has been overcoming loss in efficiency at higher output. The new lamp cross-section decreases) 


losses resulting from “elastic collision” between electrons. 
& 
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EXPERIMENTAL SCOPE WITH “TINKER TOYS” 


S After years of experimentation, NBS-developed Tinker Toy modules are 
finally being incorporated in new electronic designs. This prototype 
instrument is identical in performance with Du Mont’s 350 Oscillo- 
graph, which has conventional circuitry. AMF Electronics supplied the 
‘various modules used in the experimental instrument. 


CENTRALIZED CONTROLS 

FOR RESEARCH REACTOR 

Leeds and Northrup engineers designed 
the centralized instrumentation for Penn 
State’s 100kw “swimming pool” reactor. 
The system holds power within =1% of 
desired output and provides interconnected 
fast shut-down in case of failure of any 
part of the system. Careful system design 
was necessary because uncontrolled power 
levels can fluctuate by a factor of 10 in 
fractions of a second. 


FASTER PRINTED CIRCUIT PROTOTYPES 


Prototype printed circuits can be inexpensively prepared with 
the aid of xerography, the electrostatic copying method. Here, 
the circuit configuration is being transferred from a sheet of 
xerography transfer paper to the copper-clad laminate. Accord- 
ing to the Haloid Corporation of Rochester, N. Y., the process 
is much faster and less expensive than either the photo-resist 
or silk-screen techniques. 


Help for the Busy 


R & D Manager 


More and more R & D executive) 


faced with severe growing pains, ar 


turning to a little known source © 


help for their major, nonrecurrin 
administrative iils: the managemernr 
consultant. This article describes uh 
role of the management consultay 
in R & D work—scope and type of h 
services, his method of operatio 
and an actual case history involvin 


a complex organization problem. . 


Samuel D. Hobbs 


Associate Editor 


gement Consultant 


Today’s research and development manager is likely to 


be expected by his company management to possess just 
about every managerial skill under the sun: He should be a 

“human relations” specialist, a genius at organizing his 
own work and the work of others, technically proficient 
in at least one and preferably several fields of interest to 
the firm. In addition, he is expected to have a working 
knowledge of budgets and control, market research, and 
the sales and production functions of the business. And if 
he has a pocketful of patents and an insatiable creative 
drive, he is a real find. 

Company managements, of course, have every right to 
expect the penultimate in managerial skill and ability, if 
they are willing to pay the price . .. and if they are 
willing to shop around long enough. Manifestly, however, 
no R & D manager can possibly wear all these hats, either 
simultaneously or separately. 

Some top managements fail to realize that the real 
company hot-seat nowadays is occupied by the hard-work- 
ing R & D manager. In a techno-economic society, his day- 
to-day and long range decisions can have a profound effect 
on the company’s future prospects. In the research-based 
company of tomorrow the most important executive, next 
to the president, is likely to be the R & D manager. 

The fact is that the modern R & D manager is caught in 
the middle of a tight management squeeze: On the one 
hand he has been accorded high status and recognition in 
the management hierarchy. On the other, he is expected to 
perform what often amounts to a nearly impossible job. 
To compound the problem, he is usually faced with a bur- 
geoning organization, the necessity for keeping abreast of 
the latest wrinkles in both technical and management 
sciences, and not nearly enough time to accomplish either 
objective. 

As his organization expands and administrative prob- 
lems become more complex and time-consuming, the average 
R & D manager has several courses of action open to him: 
(1) He can attempt to solve all his own problems; (2) he 
ean delegate responsibility to administrative and technical 
assistants hired for the purpose; (3) he can call on tem- 
orary outside help to assist him in solving the major, 
onrecurring problems he doesn’t have time to tackle him- 
elf and do the job properly. 
For one reason or another, many a harassed R & D 
manager has chosen the third alternative. Occasionally the 
me is disappointing; in the vast majority of cases, 
however, the objective viewpoint and expert knowledge 
the management consultant is able to bring to bear on the 


The Mysterious Consultants 


Although management consultants have been a part of 
the American business scene for at least 50 years, very 
few businessmen—including R & D managers—know what 
they do and how they operate. 

According to Perrin Stryker, in an article in Fortune 
(May, 1954), “A management consultant .... is the man 
who can tell managers how to manage. The prime virtue 
of management consultants in the opinion of many execu- 
tives, is simply their ability to supply management with 
‘a fresh look at things.’ ” 

Stryker goes on to say that “. . . among the clients of 
well-established consultant firms, it would appear that 
about three out of four return for more advice. Practi- 
cally speaking, then, there is little doubt that management 
consultants can be useful to management. Yet, for all 
their good works, they are still among the least known... 
members of corporate society’. 

One of the reasons why management consultants remain 
obscure is their own stern code of ethics which frowns on 
advertising except in an institutional sense. Another can 
be traced to the natural reluctance of management to 
release information on consultants’ successes. Presumably, 
an executive who turns to a consultant for help seems to 
feel that such an action implies a managerial inferiority 
complex, or it may lead competitors to suspect that the 
company is in trouble. 

Among companies seeking the help of a management 
consultant, the reverse appears to hold true. It is more 
frequently the successful companies, rather than the un- 
successful, who retain the management consultant. In gen- 
eral, the more successful executive is more progressive in 
his thinking, feels that he should continually seek improve- 
ments, and is more willing to accept the help that the con- 
sultant’s specialized experience can bring. 


Why the Consultant is Retained 

Robert K. Stolz of McKinsey & Company, gives three 
reasons why R & D managers retain consultants from his 
firm: 

1. The qualified management consultant offers special- 
ized experience on nonrecurring laboratory management 
problems. Thus, the consultant deals frequently with prob- 
lems that the typical R & D head may face only once in a 
decade. The consultant can, for example, be helpful in 
advising on the development of a new organization struc- 
ture for a laboratory that has grown from infancy to a 
point where more formal structure is needed. Generally, 
he has dealt with such problems before and is able to bring 
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varied experience to bear on them. 

2. The consultant can attack on a full- 
time basis a problem that the research 
director could work on only sporadically. 
Thus, with the consultant, the problem gets 
the attention it deserves. Without him, it 
may drag on indefinitely. 

8. The consultant brings to the research 
director’s problem the “outside point of 
view”. He has no stake in the outcome and 
can approach the problem with an unbiased, 
objective point of view. that is almost im- 
possible for company personnel to achieve. 

McKinsey’s Stolz says that working ef- 
fectively and constructively with a client 
calls for the consultant to keep two points 
constantly in mind. First, though he brings 
specialized experience and the outside point 
of view to the problem, he recognizes that 
he has no monopoly on ideas. Many com- 
petent people within the client’s organiza- 
tion have thought about the problem and 
have valuable ideas to contribute. The con- 
sultant must not only contribute new 
thinking but should act as a catalyst to 
stimulate the thinking of client personnel 
so that they can also contribute to the 
problem’s solution. Of course, in doing so 
the consultant must be careful to give 
credit where credit is due and guard 
against appearing to pass off as his own 
the ideas of client personnel. 

Second, the consultant must recognize 
that his objective is to motivate the client 
to act on his recommendations. He cannot 
accomplish this by simply turning in a 
written report; he must begin early to 
help the client understand the problems 
that exist, their causes, and the reasons 
for his recommendations. 


How the Consultant Works 

The typical management consulting firm 
passes through five phases in performing 
its work: (1) Obtains and studies the facts 
pertinent to the problem or situation; (2) 
analyzes these facts; (3) prepares a pro- 
gram of recommendations for correction 
or improvement of the weaknesses found; 
(4) presents and reviews this program 
with the management involved; and (5) 
plans and assists in installing the program 
after it has been accepted. Most manage- 
ment consultants will also “audit” the 
program after it has been operating for a 
time, to insure that it is being followed 
and meeting the needs of the business. 


Range of Services 

In research and development work, most 
Management consulting firms—particularly 
the larger ones—are equipped by knowl- 
edge and experience to perform the fol- 
lowing services for the R & D manager: 
@ Analysis of product design 
® Product engineering 
@ Process engineering 


@ Engineering and research administra- 
tion and project control 


® Analysis of new products 
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e@ Appraisal of research and development 
@ Research planning 
@ Operations research 


In addition, some management con- 
sultants will assist the R & D manager in 
locating and hiring key technical or exec- 
utive personnel, as well as lending a hand 
in setting up a training, job evaluation, 
salary administration, or other personnel 
program. 

In the general management area, the 
management consultant may also prove to 
be a boon to the busy R & D executive, 
especially one who is launching a new 
department or section or who is beset by 
expansion problems. Such services include 
furnishing organization surveys, develop- 
ment studies of objectives and policies, 
and management control and reporting 
systems, among others. In every case, the 
management consultant attempts to. work 
with top management as well as with the 
R & D manager, to insure the necessary 
top-side support and follow-up. 


Type of Personnel 

Some management consulting firms are 
partnerships; some are corporations. The 
number of professional employees in the 
average firm has been estimated at 9 or 
10, but the larger firm may have 200 or 
300 in its organization. Usually there are 
a small number of partners or principals, 
with a greater number of staff members 
and researchers. 

Staff members generally have had spe- 
cialized experience in industry as well as 
consulting experience. The prime _intel- 
lectual trait of the management consultant 
appears to be his ability to analyze and 
diagnose (hence the “‘business doctor” tag- 
line which most consultants resent). Ideal- 
ly, he should be objective in his approach, 
sincere in his dealings, and tactful with 
clients. 

In research and development work, the 
question of the management consultant’s 
technical competence sometimes arises. A 
good rule of thumb seems to be that 
technically-qualified outside help should be 
engaged to handle purely technical prob- 
lems; the R & D manager can choose from 
scores of consultants specializing in just 
such matters. Where management problems 
are concerned, the management consultant 
can usually do an effective job even though 
he may not be technically trained; he 
should, however, have a good knowledge 
and understanding of research administra- 
tion problems. 


Consultant-Client Arrangements 
Typically, the partners or principals of 
a management consulting firm make the 
arrangements with client companies. Con- 
tracts and formal documents in this busi- 
ness are rare. After an exploratory ex- 
amination, there may be an exchange of 
letters, indicating the scope of the work 
to be performed, the estimated fee for the 
completed job, and a rough timetable of 


performance. 

When the company decides that the a 
signment is to be undertaken, one of tl 
partners or principals of the consultir 
firm is assigned as director of operatior 
At all points, the work of staff membe’ 
participating in the assignment is supe 
vised by this partner or principal, ay 
responsibility for actual performance al 
for relations with the client company 
directly centered in him. Throughout t. 
consultant’s work, the emphasis is on ¢ 
operating closely with the client’s perso 
nel and enlisting their support and acti 
assistance. 

During the course of the work, perioc 
conferences are often held to clear maj 
plans with top executives and to gui 
operating personnel on how to achieve t 
desired objectives. Frequently, when t 
work has been completed results are su 
mitted to management in the form of 
comprehensive formal report. A follow-up: 
usually conducted to see if recommend 
tions are working out as expected. 


The Question of Costs 


Management consultants usually es 
mate their fees in the form of a minimu: 
maximum range for the specific assig! 
ment, plus traveling and other out- 
pocket expenses. Lump-sum arrangemer 
are rare, for it is almost impossible 
tell in advance just what problems w 
turn up and how much work will be need 
to do an adequate job. Estimates are oft 
figured on a per-day rate for the time 
staff members involved. 

Good management consulting does r 
come cheap. For one man’s services t 
fee may run from $75 up to $350 a da 
the most common figure being $150 a d 
for a junior staff consultant. Althou 
these fees may seem exorbitant, it shov 
be remembered that a good manageme 
consulting firm must hire high-calit 
personnel; and they must be held agaiz 
the competition of highly-paid jobs in bu 
ness and industry. The acid:test is wheth 
the client feels he got his money’s woy 
and calls in the same consultant when t 
next problem arises. 


Selecting a Consultant 
The matter of choosing a manageme 
consultant is an important one. For o 
who is unfamiliar with the methods a 
operations of the consultant, knowing h 
to select the right firm is doubly importa 
According to the Association of Cons 
ing Management Engineers, about thy 
out of four management consulting «| 
signments result from the direct reco 
mendation of a satisfied client—one v 
has used the services of a firm not or 
but repeatedly. : 
Whether such a direct recommendat 
is available or not, the R & D manag) 
in search of a consultant may find it wor 
while to investigate the performance r/ 
ord of the consultant under considerativ 
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reputable firm, of course, is glad to be 
westigated as thoroughly as_ possible. 
Bank officials and standard investigating 
agencies should always be checked. It may 
also be helpful to visit the principals of 
the firm, to gain an impression of the type 
of organization it is. 


Securing Best Results 


A consulting assignment involves com- 
mitments on both sides. The starting 
point is a thorough definition of the prob- 
lem and a clear understanding between 
consultant and client as to the procedure 
that is going to be followed in attacking 
it. In working with a consultant, the R & 
D manager should bear in mind that ad- 
vance discussion with all company person- 
nel concerned insures agreement that there 
is a problem to be solved. In addition, it 
helps the staff to realize that the consult- 
ant is. being employed for a definite and 
useful purpose, and helps to induce coop- 
eration with the consultant when he comes. 

Also essential to securing maximum re- 
sults is a thorough briefing of the consult- 
ant on all important aspects of the work, 
especially in regard to the personalities in- 
volved. Having the consultant work closely 
with a specified individual (or group) 
within the organization generates under- 
standing of the steps to be taken, and why 
they are being taken, throughout the prog- 
ress of the assignment. 


What the Consultants Say 
About Their Services 


There are nearly as many different types 
of consultants as there are types of busi- 
ness concerns. According to a 1954 census 
made by the ACME, 1753 consultant firms 
operate in the U. S. Of this number, 39 per- 
cent are “specialists”, i.e., offer only one 
kind of technique or service, and 61 per- 
cent met ACMH’s own definition of a 
“management consultant”, i.e., offer two 
or more services. 

In general, the R & D manager will be 
primarily interested in the latter type, 
chiefly because such a firm can conduct 
what are broadly termed “studies of 
organization structure’. The reason be- 
hind the big interest in this area of the 
consultant’s work, of course, is the tre- 
‘mendous growth of R & D activities in 
Renal every company, with the accom- 
ying need for organization and re- 
ganization. The trend towards decentra- 
zation and diversification in many com- 
‘panies also results in organizational prob- 
ems in the R & D unit. 

he boom in R & D, accompanied by de- 
nds for outside help, has created a big 
Vv source of business for the manage- 
consultant. For example, as a result 
its experiences in the past two years, 
yuliam E. Hill & Company, Inc., New 
York, has organized a new division 
becifically devoted to consulting assign- 
lents in the research and development 

agement field. According to a spokes- 


man for the firm, ‘Emphasis in this divi- 
sion is placed on application of increas- 
ingly specialized techniques to assist R & D 
management in planning and organizing 
operations to meet present and future 
market requirements”. 

William E. Hill services three types of 
companies which they feel can particularly 
benefit from outside assistance: (1) the 
company entering fields based on advanced 
technology for the first time; (2) the com- 
pany that has experienced rapid growth in 
several R & D fields; and (3) the company 
that needs objective appraisal of the com- 
mercial aspects of its R & D activities. 


This concern makes available a broad 
range of consulting services to research 
management including planning of R & D 
programs, organization planning and ad- 
ministration, evaluation of research pro- 
jects, and budgeting of expenditures. 


In planning, broad but well-defined 
product fields are selected in which re- 
search efforts can be concentrated. In this 
type of activity, primary emphasis is given 
to relating the selected fields to overall 
corporate objectives, and to specialized 
abilities and skills of the company as a 
whole. This is particularly needed, the 
company feels, in “frontier” research 
fields such as nuclear energy, solid-state 
electronics, upper air research, and air- 
borne weapons and instrumentation, since 
markets for these fields are largely de- 
velopmental and commercial guidance is 
desirable to reduce the risks involved. 


In Hill’s opinion, one of the biggest 
problems facing management today is ad- 
ministration and control of R & D opera- 
tions and use of sound organizational 
practices. The firm recently assisted a 
major oil company in successfully launch- 
ing an entirely research-based operation, 
integrating research and management 
personnel from within the company with 
newly-recruited technical people from with- 
out. Similar assignments have been com- 
pleted in the electronics, aircraft products, 
and instrumentation fields. 


In the third phase of its work, Hill sub- 
jects existing and proposed research pro- 
jects to specialized techniques of commer- 
cial evaluation and to appraisal of their 
potential in contributing to corporate 
goals. Some of the company’s clients use 
these technical market research and 
market development services to assist in 
relating end-use market requirements to 
product development. 


Hill says that one of the most difficult 
problems facing R & D management today 
is the task of establishing and justifying 
in the eyes of general management the 
annual research budget. Research budgets 
must be realistically aligned with overall 
corporate aims, and management must be 
helped to an understanding of the pro- 
posed research activities in terms of fully 
developed products, processes—and_ profit- 
ability. 


Richardson, Bellows, Henry and Com- 
pany of New York emphasizes scientific 
research methods in approaching the 
personnel and human relations problems 
of the R & D manager. Pinpointing the 
effectiveness of proper utilization of re- 
search personnel during the much-publi- 
cized shortage, RBH conducts a program 
for clients combining attitude studies to 
detect points of low motivation; work 
sampling to detect situations where work 
now being done by scientific personnel can 
be reclassified and done by non-scientific 
personnel; management discussion round- 
tables which help to develop the plan for 
reorganizing an R & D department’s work; 
and statistically developed and validated 
performance report procedures to reduce 
bias and increase motivation through 
greater confidence in the review and re- 
ward policies. 

According to RBH, round-tables in crea- 
tive thinking, problem solving, and insight 
development have been used with good 
effect to increase the fertility of individ- 
ual thinking and also to develop more con- 
centrated teamwork in solving R & D 
problems. Team efforts have also been im- 
proved through use of a basic method 
utilizing group therapy principles. This 
method concentrates on reducing the frus- 
trations and resistances which prevent 
scientific team-mates from operating at 
maximum effectiveness in their coopera- 
tive attacks on technical problems. 

At McKinsey & Company, research and 
development studies are grouped into three 
major areas. The first is economic analyses 
to determine research opportunities. These 
are primarily studies of marketing and 
economic factors outside of R & D’s sphere, 
but which have considerable bearing on 
the nature of the research program. Such 
studies are aimed at determining what 
directions the company’s research effort 
should take and the degree of emphasis 
that should be placed on the different 
phases of research, in order to conform to 
market needs, industry problems and tech- 
nology, the company’s position in the in- 
dustry, and its particular strengths and 
weaknesses. This type of study also esti- 
mates probable costs of research and de- 
velopment work. The results of such eco- 
nomic analysis may show that a company 
would be wise to discontinue its research 
effort. On the other hand, the conclusion 
may be that a company should step up its 
research effort considerably in terms of the 
opportunities that are open to it. 

Studies of research management methods 
constitute a second broad area of assist- 
ance which McKinsey offers its R & D 
clients. Such studies are chiefly concen- 
trated on the techniques used by research 
management in: 


@ Selection of specific research and de- 
velopment problems to be attacked; 


@ Coordination of research and develop- 
ment with the functions served, such as 
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marketing or manufacturing; 

® Organization of research work and 
personnel; 

@ Budgets and control; 

@ Methods of communication; 

@ Methods of motivating research and de- 
velopment personnel, including the use of 
incentives and the granting of both finan- 
cial and nonfinancial rewards; 

@ Techniques of utilizing the creative 
thinking abilities of research and develop- 
ment personnel more effectively. 


Broad diagnostic surveys of the entire 
research and development activity make 
up the third major area for study. Such 
surveys cover many of the aspects men- 
tioned above. The goal of the diagnostic 
survey is to identify. broad areas for im- 


provement. Further studies are usually - 


set up to work out the specific means of 
capitalizing on the opportunities revealed. 


A Case Example 


The actual case example below illus- 
trates how a management consulting firm 
worked with R & D management during 
an organization study—one of the com- 
moner types of problems the management 
consultant encounters. 

The case in point is an organization 
study conducted for a medium-sized manu- 
facturing company. The consulting firm 
had worked with this company on a num- 
ber of different studies. One day it was 
called in by the Vice President for Re- 
search and Development to discuss a 
possible study of organization of the R 
& D activity. 

The Vice President pointed out that 
R & D’s basic organizational pattern re- 
mained relatively unchanged during the 
period since World War II even though 
differences in market needs and techno- 
logical advances in the industry made 
considerable change in the nature of the 
company’s R & D effort. For one thing, 
the size of the exploratory research effort 
increased considerably, yet some of its 
key departments and sections were almost 
buried organizationally. Also, the total 
R & D activity grew tremendously. While 
R & D management made several organi- 
zational changes from time to time to ac- 
commodate this growth few, if any, of 
these changes were coordinated, and many 
were simply temporary expedients. 

The Vice President also pointed out that 
communications within the laboratory 
were becoming increasingly difficult; in 
some instances research projects involv- 
ing different sections of the laboratory 
had been poorly coordinated. Lastly, de- 
partment heads were overloaded with ad- 
ministrative detail and had almost lost 
contact with the technical pursuits. 

These were the problems that led R & D 
management to believe the time had come 
to conduct a study to develop a new plan 
of organization for the laboratory. 

After the initial meeting with the Vice 
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President for Research and Development, 
the consultant met briefly with the com- 
pany President to be sure that he agreed 
to the study and would support any or- 
ganizational move necessary to increase 
R & D effectiveness. The consultant then 
met again with the Vice President for 
R & D who in the meantime had talked 
with his immediate staff about the possi- 
bility of a study. During this second meet- 
ing, objectives were set up for the pro- 
posed study; other topics discussed in- 
cluded how the study might be carried 
forward most smoothly and estimated 
costs. During this period, there was no 
commitment on the part of the consultant 
or the company to go ahead with the 
study. 

The consulting firm then prepared a 
memorandum outlining its understanding 
of the reasons for the study, the objectives 
it should seek to achieve, and the general 
approach it would follow in carrying it 
out. The Vice President for R & D circu- 
lated this memorandum to the President, 
to all Vice Presidents, and to his im- 
mediate staff. Agreement was then 
reached to go ahead with the study. 

Initial steps in the study included the 
consultant’s getting together with the 
various laboratory department heads to 
discuss the study and how it would be 
carried out; they in turn held meetings 
with their personnel to inform them of the 
study. The Research Vice President’s ad- 
ministrative assistant was named as liai- 
son representative to work with the con- 
sultant in arranging interviews and, in 
general, to expedite the administrative 
phases of the study. 

The actual fact-finding consisted pri- 
marily of interviews with a representa- 
tive cross-section of laboratory members 
and of executives in other divisions serv- 
iced by the laboratory, principally Sales, 
Market Research, and Manufacturing. 
These interviews and analyses of the pres- 
ent and expected work load defined the 
nature of the work to be done in the 
future and confirmed difficulties that the 
present form of organization was en- 
countering. Meetings were held with de- 
partment heads to reach agreement that 
these difficulties existed to the extent that 
change was needed. 

As a result of this fact-finding, the 
consultant considered a wide range of al- 
ternative forms of organization and nar- 
rowed the choice down to two that ap- 
peared best suited to the needs of the 
laboratory. The pros and cons of each of 
these two acceptable plans of organiza- 
tion were then spelled out and a series of 
conferences with laboratory department 
heads and the Vice president for R & D 
were held to evaluate the plans. As a re- 
sult of these meetings, one of the plans 
was selected. 

The plan selected had several features, 
including: 

1. Greater 


organizational separation 


for the major types of research carrie 
out in the laboratory, and a clearer pin 
pointing of responsibility among labors 
tory management for results in the di 
ferent areas of research. | 

2. A regrouping of some of the princips 
sections of the laboratory. This include 
raising the organizational status of tw 
sections whose importance in the labor: 
tory had increased considerably in recer 
years. 

3. Better means of coordinating r 
search projects carried out in more tha 
one section of the laboratory. 

4. A reduction in the number of leve 
of supervision involved in project wor 

Following selection of the basic pla 
the consultant worked with key laborato: 
personnel to spell out in detail the a 
thorities and responsibilities of jobs in t) 
new form of organization. The consulta 
also worked out with department heads 
program of transition for moving fro 
the old to the new plan. R & D manag) 
ment then named specific individuals 
fill the positions set up in the new pla 
Following this, laboratory departme: 
heads held a series of training meetin, 
to indoctrinate laboratory personnel 
the new plan of organization. 1 

In carrying out the study, the consulta’ 
kept in fairly constant touch with t 
Vice President for R & D and his sta 
This enabled the consultant to draw — 
their thinking, keep them informed 
progress, and give them prelimina 
thinking on recommendations. 

After completing the major phase of t 
study, the consultant maintained conta 
with the laboratory at frequent intervé! 
for a number of months to help work c 
minor problems as they arose. 


Conclusion 


The case history above traces, step 
step, the procedure through which t 
consultant and his client arrived at 
solution acceptable to both. The method 
operation of each consultant may vary, 
course, but in general it follows the fa 
finding — analysis — recommendation p» 
cedure. 

While the management consulting act. 
ity is a relatively obscure part of our bu 
ness society, the extent of help it ¢ 
render in solving major, nonrecurri. 
problems should not be underestimat 
At his best, the management consultan 
true role is that of supplementing { 
work of the manager. The skilled and | 
perienced consultant is a link betwe 
the expanding body of management kno 
edge and the executives who are respo 
ible for putting that knowledge to m. 
effective use. 


(Note: A list of reliable management cv 
sulting firms and additional information 
the management consulting profession 
be obtained by contacting the Associat 
of Consulting Management Engineers, It 
347 Madison Ave., New York 17, N. Y., 


TECHNOLOGICAL OMNIBUS: 
NBS Has Something for Everyone 


From radioactive measurements at 0°K to 
developing a method for prelubricating 
ball bearings for long life, the National 
Bureau of Standards is filling in the holes 
in our scientific and technological struc- 
tures. Here’s a round-up of the latest work 
of one of our major R & D organizations. 


UNDAMENTAL nuclear research, useful test tech- 

niques, new components, special equipment and new com- 
puter techniques are some of the latest outpourings of the 
nation’s foremost R & D group. Ranging all over the techno- 
logical map, the NBS has just made some more rich contri- 
butions to our burgeoning science and technology. 


LOW-TEMPERATURE RADIOACTIVE STUDY 
‘Working at temperatures within a few thousandths of a 
degree of absolute zero, NBS scientists have gained informa- 
tion that could lead to an insight into the mechanisms that 
contro] decay of radioactive nuclei. The nuclei of three 
radioactive elements—cerium-139, cerium-141 and _ neo- 
dymium-147—were aligned in their respective crystal lat- 
tices. A directional effect can then be observed in the emitted 
radiation. Drs. E. Ambler and R. D. Hudson of NBS did the 
experiments in cooperation with Dr. G. M. Temmer of Car- 
negie Institution of Washington. Initial phases of the work 
were sponsored by ONR. The apparatus designed to achieve 
the low temperatures might interest scientists seeking low 
temperatures for other purposes. 

_ Low-temperature alignment of nuclei promises to provide 
a new tool for studying nuclear disintegration. The nucleus 
may be regarded as a magnetic top spinning about an axis. 
If this spinning magnet is radioactive, the orientation of the 
Spin axis will determine the directions in which the nucleus 
emits radiation. Normally, when nuclei are randomly ori- 
ented, a radioactive specimen emits gamma rays with equal 
tensity in all directions. However, when the nuclei are 
gned, the intensity of gamma radiation varies with angle 
emission. Measuring the degree of this directional effect, 
ves valuable information concerning the decay scheme of 
He nuclei. For example, the magnetic moment of the 
ucleus can be determined as well as the changes in angular 
omentum accompanying the emission. 

In the experiments, radioactive nuclei were incorporated 
to certain inorganic crystals formed by the elements 
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The adiabatic demagnetization apparatus for cooling radio- 
active crystals to align the nuclei. 


studied, which were then cooled. Nuclear alignment was 
observed by measuring the angular distribution of the 
intensity of the gamma radiation emitted. 


Cool by Adiabatic Demagnetization 

Inasmuch as the crystals used were paramagnetic, the 
necessary low temperatures could be conveniently produced 
by adiabatic demagnetization. A paramagnetic crystal is 
first magnetized by a powerful magnet as shown in the 
drawing at left. The resultant heat of magnetization pro- 
duced in the crystal is removed from the system. Then 
when the magnetic field is turned off, the reverse effect 
occurs, and the temperature of the crystal falls to a very 
low value. 

Work in this general field is continuing on low-tempera- 
ture methods of polarizing, rather than aligning, nuclei. 
Stable nuclei can be employed in experiments of this kind, 
and a larger number of different nuclei can be studied. 


Prelubricated ball bearings are lubricated by oils retained by 
the felt pad at left. The pads are held near the bearing by 


pairs of the holders at right. 


Typical radioactive fallout pattern displayed on the screen of the 


“Fallout Computer”. 


PRELUBRICATED BEARINGS 


Prelubricated ball bearings are now used 
extensively in aircraft. Some day even the 
automobile may be equipped with bearings 
lubricated once for the life of the car (then 
you won’t have to take the car to the 
garage for a greasing every 1000 miles). 
Promising results have been obtained in 
some trials. Incorporating felt pads to hold 
the lubricant, the bearings are intended 
for operation at 10,000 rpm and over the 
wide temperature range encountered in 
aircraft. Sponsored in part by the Navy’s 
BuAer, tests covered different types of 
oils, including synthetics fortified with a 
variety of additives. Beneficial results were 
obtained from a viscosity index improver 
and a mild extreme-pressure additive. 


Teflon, Metai or Glass Pads Needed 


The 14-in. thick felts used in the tests 
became charred at 325°F especially after 
operating over 1000 hours. For operation 
above 325°F pads made from other fibers 
—such as metal, glass or polytetrafluor- 
ethylene—might be suitable. 

Ball bearings prepacked with grease are 
not entirely satisfactory especially where 
speeds and temperatures are high. In air- 
craft equipment, for example, it is desir- 
able to have bearings that will operate 
sa_isfaciorily from —65°F to 400°F. Con- 
ventional greases are not good enough 
chiefly because of excessive starting fric- 
tion at low temperatures and poor stability 
at high. 

In earlier studies, endurance runs were 
made with several greases in ball bearings 
operating at 10,000 rpm. At high tem- 
peratures, it was found that the greases 
which performed best were those that ad- 
hered to the outer race after being thrown 
from the path of the balls and then lubri- 
cated the bearing by slow bleeding. This 
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behavior suggested that felt rings, satu- 
rated with oil, be tried for bleeding oil to 
the bearings. In effect, the felt would be 
used instead of a soap or other thickener 
to supply oil slowly to the bearing. 

To test this suggestion, metal holders 
for felt rings were designed so that such 
assemblies of holder and felt ring could 
be fitted to each side of a standard ball 
bearing. The felt-padded bearings were 
then subjected to a series of endurance 
tests in which they were prepacked suc- 
cessively with mineral and synthetic oils. 
All tests were run at 325°F and 10,000 
rpm; and the bearings were mounted in a 
way similar to that used in the grease tests 
so that the results might be comparable. 


Mineral and Synthetic Oils Studied 


Mineral oils used in these tests ranged 
in viscosity from a transformer oil to an 
SAE No. 60 motor oil. Some were straight 
mineral oils; others were of heavy-duty 
type containing oxidation inhibitors and 
detergents. Synthetic oils included silicone 
fluids, polypropylene glycol derivatives con- 
taining oxidation inhibitors, and sebacates 
containing additives. In general, the sam- 
ples of di(2-ethylhexyl) sebacate contain- 
ing additives have pour points below —75°F 
and flash points above 400°F. 

With di(2-ethylhexyl) sebacate contain- 
ing no additive except an oxidation in- 
hibitor the length of the endurance test 
was only 48 hours. However, with the four 
samples of this diester containing tricresyl 
phosphate the length of test before failure 
was over 1000 hours. One sample, SO-11, 
is the reference oil given on page three 
of Military Spec MIL-L-7808. Other sam- 
ples are essentially this reference oil with 
other additives designed to increase per- 
formance at high temperatures. The four 
samples of the diester containing tricresyl 


Ld 

4 

e 
SR} Be 
eee 
Bee 
2 

de 

a oe 


Gxeease 
LGBEO Bs BSA ARAM we ae 
RRR RBA EME oe 

4 Lab dd 


phosphate were the best tested. 

Although the number of tests are ( 
few to be conclusive, the addition of » 
viscosity index improver to sample SQ] 
apparently increased the length of 1 
from 1005 to 1246 hours, and the furt 3 
addition of a mild extreme-pressure ac 
tive (acid phosphate) increased it to 1 
hours. These results are consistent w 
the expected effect of the additives. 
contrast with these results, conventic 
prelubricated ball bearings filled witha 
typical prepacking grease lasted only 13 
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Of the various types of oils tested ii 
believed that the di(2-ethylhexyl) sebac 
containing tricresyl phosphate and ot} 
appropriate additives is the most prors 
ing. In addition to its excellent perfo 
ance at 325°F, its viscosity characteris 
at low temperatures indicate that it we 
be most suitable for low-torque start 
at -65°F. 

Trends Indicated 

As to the fluids, it appears that a 
pour-point mineral oil, such as transfory? 
oil, is not suitable for operation at 32/1] 
because of its high volatility at that tJ 
perature. On the other hand, there sew! 
to be no advantage in using an oil hig? 
in viscosity than an SAE 20 grade 
lubricating ball bearings at high sp 
and temperature. Di(2-ethylhexyl) 
cate shows promise of furnishing g) 
longtime lubrication at 325°F, if it @ 
tains suitable additives. 

A new series of experiments is 9 
under way. These experiments are expec 
to throw additional light on the above © 
possible also to yield further results. 


ATOMIC FALLOUT COMPUTER 
Where the same type of computer pr 
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m arises over and over again, it is often 
{ tical to design a special purpose com- 
iter that is much simpler, but less flexi- 
le, than the big general-purpose compu- 
ers. A number of these special computers 
we been constructed already and now 
he NBS has developed one for calculating 
eographical fallout patterns of radio- 
ctivity from a nuclear explosion. 
“Given the necessary weather data to- 
ether with certain information about the 
omb, this analog computer will assist in 
redicting what the distribution and in- 
ensity of radioactivity will be on the 
round after the bomb has been detonated. 
roblem solution is displayed on a cathode- 
ay tube as illustrated, over which a map 

n a transparent backing can be laid. 
tadioactive intensity at any ground point 
ip to 500 miles from the explosion can 
en be measured by the brightness at the 
rresponding point on the tube screen. 
fie computer was developed for the 
Weather Bureau and the AEC by H. R. 
s‘kramstad and J. H. Wright. 

Safety is a prime consideration at the 
omb testing grounds. Precautions are 
aken in advance to prevent radioactive 
allout on inhabited areas. Such precau- 
ions require information about the bomb 
is well as an intimate knowledge of the 
veather pattern, and from these data ex- 
ensive calculations determine the fallout 
attern. In the past, fallout predictions 
lave required the laborious hand calcula- 
ions of a team of mathematicians for one- 
lalf hour or more for each prediction. 

Digital computers eliminate most of the 
nanual effort and reduce the calculation 
ime to 15 minutes. However, these high- 
peed computers are large, permanent and 
Xpensive. To provide even faster predic- 
ions with portable, relatively inexpensive 
quipment, NBS developed a special-pur- 
ose computer that does not require highly- 
rained operators. The machine uses elec- 
ronic analog techniques to complete the 
omputation almost instantly after the 
lata are inserted. Later changes in 
veather data can easily be inserted as 
apidly as the operator can set the ap- 
ropriate knobs. 


i 

Also For Civil Defense 

‘In its use at an atomic proving ground 
1 new computer will provide the test 
Mager with immediate knowledge of 
e effect of any changes in the winds. 
r civil defense, the computer can be used 
esearch studies or in case of an actual 
k. Forecasting could be expected to 
determine and speed up the emergency 
edures to be used after a bomb ex- 


e one discussed above. About two 
rs ago NBS constructed DYSEAC, a mo- 


bile computer housed in a large trailer 
truck. DYSEAC was designed with special 
input features that enabled it to control 
other computers in solving problems. This 
development meant that a giant problem 
could be solved quickly by a group of 
computers harnessed together. 

Now NBS has announced that its 
scientists have practiced the coupling to- 
gether of computers, as envisioned in the 
original design of DYSEAC. Together with 
SEAC, the Bureau’s older machine, DYSEAC 
solved a simulated stock transfer problem. 
Only a limited form of master-slave rela- 
tionship was demonstrated, because only 
one of the machines, DYSEAC, had the flexi- 
ble system features that allow for two 
programs to be processed at once—inter- 
rupting each other as necessary. Several 
runs of the shared program were sucess- 
fully made, and the “posted” file sections 
were printed out on a DYSEAC magnetic 
wire cartridge. 

Most general-purpose computers employ 
a generally compatible digital language, 
can receive and transmit data in the form 
of electrical signals via standard com- 
munication channels over any desired dis- 
tance, and can alter the course of proces- 
sing programs in accordance with new or 
revised information. It should therefore 
be possible to interconnect two or more 
such machines so that they can cooperate 
on a common task. For example, a versa- 
tile large-capacity data-processor at a ma- 
teriel control center might receive data 
fed to it automatically by smaller com- 
puters located at various supply depts. 
The supervisory processor (at the center) 
might so control the system-wide process- 
ing that it would accept data from each of 
its reporting sources in a_ scheduled 
sequence but would also be free to accept 
and handle priority requests for supply 
action from any of the depots at any time. 
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NEW METER FOR 
SHOCK-VIBRATION TEST 

Awareness of the damage that can be 
done to expensive equipment by shock and 
vibration in vehicles has let to the deve- 
lopment of many devices to test for shock 
and vibration. Now T. A. Perls and C. W. 
Kissinger of NBS have designed a new 
barium titanate velocity meter that can 
be used on planes and ships. Unlike most 
instruments used in such tests, the NBS 
device has a sensitive axis which can be 
used at any angle without adjustment. 

Development of the barium titanate 
velocity meter was undertaken to over- 
come certain deficiencies of meters in 
present use which measure shock velocity 
directly. These velocity meters consist of 
a heavy mass spring-mounted to a rigid 
frame attached to the test structure. When 
the test structure and frame are acceler- 
ated, the mass remains fixed in space for 
a small fraction of the natural period of 
the spring-mass system. As a result, dur- 
ing this short time interval, the displace- 
ment of the mass relative to the frame is 
equal (and opposite) to the “absolute” 
motion of the frame. This relative motion 
causes a pick-up coil to cut the lines of 
force of a constant magnetic field, so 
that a voltage is generated. The voltage 
is proportional to the relative velocity 
between mass and frame (or the test struc- 
ture), and therefore, for a limited time, 
is proportional to the ‘absolute velocity” 
of the frame. 


Present Meters Limited 

These velocity meters are somewhat 
limited in operation because of certain in- 
herent defects. They have a limited dis- 
placement range, because of the finite 
travel the sensing element is allowed, and 
an undesirable low-frequency resonance, 
typically between 3 and 5cy. Also, it is 


Cross-section of the shock-vibration test accelerometer. 
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Essential elements of the goniophotometer for standardizing specular gloss measurements of enameled porcelain. 


necessary to adjust or control the position 
of the element at the start of the motion. 
Under some conditions, particularly on a 
rolling ship, such an adjustment can be 
made only approximately. Finally, large 
errors may be introduced in the spring- 
mass system if the instrument is used with 
its sensitive axis other than vertical. To 
overcome these difficulties, the new velocity 
meter was designed operating ona differ- 
ent principle; this device is essentially an 
integrating accelerometer. 

This accelerometer can conveniently pro- 
duce shock-damage data which were pre- 
viously unavailable because of measure- 
ment limitations. It is expected that these 
data will lead eventually to design changes 
and improvements in the shock-load per- 
formance of mobile equipment. 


STANDARDIZED GLOSS 
MEASUREMENTS 


Laboratories and chemical plants using 
enameled porcelain containers. and vessels 
will be interested in the Bureau’s develop- 
ment of a standard way of measuring gloss. 
Gloss measurements have been used princi- 
pally to evaluate the resistance of high- 
gloss enamels to abrasion or chemical 
attack. Intended primarily for application 
to porcelain enamels, the method estab- 
lishes sizes and tolerances for the critical 
geometric dimensions of specular gloss- 
meters. The resulting gloss scale, following 
a recommendation of the Porcelain Enamel 
Institute, closely approximates that of the 
widely used Hunter multipurpose reflec- 
tometer. 

Usually specimens are measured, before 
and after attack, on the same instrument 
in the same lab. The data are useful for 
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determining relative resistance to attack 
even though a standardized gloss scale is 
not used. Serious difficulties arise, how- 
ever, when one attempts to compare read- 
ings of nonstandard glossmeters in dif- 
ferent labs. A further impulse towards 
standardization has come in the last few 
years from the development of porcelain 
mainly for architectural purposes, ~ these 
enamels in a wide range of gloss. Used 
enamels make heavy demands on uniform- 
ity of product and matching of components 
made in different plants. 

Specular gloss may be defined as the 
fraction of light flux reflected in the direc- 
tion of mirror reflection (the specular direc- 
tion) when the sample is illuminated by a 
parallel beam of light. In the case of 
enamels the angle of incidence (and re- 
flection) is taken as 45°. If the above 
fraction is multiplied by 1000, the gloss 
is given in conventional “gloss units”. 
For enamels, then, the specular gloss is 
the fraction of light energy, in parts per 
1000, reflected at 45° when the specimen 
is illuminated at 45°. 

Unfortunately, strictly parallel beams 
are not obtainable, nor can the light re- 
flected in the specular direction be per- 
fectly separated from that in adjacent 
directions. NBS studies have shown that 
disregard of the effects of angular 
spread among the incident rays (aperture 
of the source) and among the reflected 
rays (aperture of the receptor) is largely 
responsible for the discrepant result ob- 
tained with different glossmeters. 


SONIC TESTING OF LEATHER 
As part of a larger program of research 


VARIABLE ANGLES 


‘periments have shown that the veloc 


PHOTOCELLS 


VARIABLE RECEIVER 
APERTURE 


on natural and synthetic high polymer: 
rubber, plastics, textiles, leathers 2 
papers, NBS has developed a nondestr’ 
tive sonic method for testing leather. 
technique has the advantage of folle 
ing the effects of aging, chemical tre 
ments and the like on a single speci 
Good correlation between sonic meas 
ments and the results of tensile @ 
breaking elongation tests were obtain 
In recent years the use of sonic devices 
determine certain mechanical propert 
of high polymers has become widespre’ 
Industrial users of leather, such as ¢ 
and gasket makers, should be interest 

A pulse propagation meter is the ch 
instrument employed to measure and r 
ord the speed of a generated 300 
sound pulse through the leather. The 


of sound in leather varies substanti 
with changes in chemical and physi 
structure and, particularly, in fiber ori: 
tation. The Army Quartermaster Gene: 
sponsored this study by J. R. Kan 
and M. Robinson. 

Rough measurements were made tl 
showed that the sound attenuation < 
shoe-upper leather is between 0.1 and 
nepers per cm. For purposes of comp 
son, the attenuation constants of ot 
polymeric materials were also obtain’ 
It was found that the acoustic atten 
tion in leather lies midway between t 
of materials with highly crystalline fib: 
and that of rubberlike materials. 

For the future RESEARCH & ENGIN 
ING will continue to publish round-ups 1] 
this one of the work of the Natio 
Bureau of Standards and other outstay 
ing R & D groups. 
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Research Administration 


In last month’s column, I promised to discuss the “how” 
and “who” of communication, since these two elements of 
the communication art can hardly be separated. Let’s take 
a look at “who” first. In business we can communicate in 
four ways, one of which is redundant: We can communicate 
upward, downward, sideways and within. Of course, you 
spotted immediately that the latter is the redundant means. 
How many people do you know who are not even in good 
communication with themselves? Stated differently, how 
much of the information they transmit do they really under- 
stand ? 


Communicating Upward 

_ Many people seem to have a knack for communicating in 
one or two of these directions, but are deficient in a third. 
I think it is rare to find a person with highly developed 
skill in all three directions. Communicating upward means 
establishing a rapport with the “boss” so that he under- 
stands what you are saying. And, since he understands it, 
he either takes the advocated action or discusses with you 
in comprehensible terms his reasons for a different course 
of action. When he restates your point of view in language 
more convincing than your own, you know that you have 
communicated. If action is taken contrary to your recom- 
mendation, you will know it is not due to failure of com- 
munication. 

_ Undercommunication may result in your supervisor be- 
coming progressively less informed on important areas 
within his jurisdiction. Great as his trust and confidence 
in you may be, he will eventually become uneasy since his 
supervisors will question him on these areas. 

r Overcommunication is also serious since your boss, if 
le is not careful, will be deciding matters which right- 
fully fall into your area of responsibility, or you will be 
vasting his time with items about which he has no con- 
cern. Where the fine line between under- and overcommuni- 
ation should be drawn certainly cannot be stated in any 


im. If he has a financial turn of mind, be prepared to 
him instantly of any departures from the budget. If 
e is a frustrated scientist, tell him of all your interesting 
iscoveries, get him into the laboratory during a trial run, 
‘five technical information and intrigue him with technical 
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with the careful study every boss deserves, you should be 
able to tell whether or not he is satisfied. The best rule 
I know is not to try just to put yourself in his shoes, but 
also to try to look at things as he does and to think like 
him. In short, try to be him. 

The sixty-four dollar word for this effort is empathy: 
the imaginative projection of one’s own consciousness into 
another being. If you can develop this, you will instinc- 
tively know not only what but how to communicate with 
him. One cardinal principle of communication is never to 
let the boss be surprised by being uniformed on any major 
item in your sphere of activity. Good communication up- 
ward strengthens the confidence of your superiors in you, 
but it does not, of itself, mean that you are doing a good 
job for the company. 


Communication Downward 

Communication downward, when properly carried out, 
insures the loyalty and respect of the men under you. Like 
communication upward, it is a rapport-inducing device; it 
is complimentary to your men; it boosts their morale, 
initiative and will to work. It makes them feel an integral 
and important part of the organization when they are told 
what is going on, and when the fate of their suggestions is 
reported back to them with explanations. 

Good downward communication establishes you as a per- 
son who can lead. Here again, to be successful, you must 
have empathy. You must transmit wherever possible what 
you know will satisfy each person’s curiosity, questions 
and doubts; you cannot sit as a censor who decides that 
Joe has no need to know and therefore Joe should not 
know. Whether Joe needs to know or not is irrelevant. If 
Joe thinks he needs to know, he will be most unhappy 
in not knowing. Of course, you have to make sure that what 
is transmitted to Joe will not be injurious to him or his 
group’s morale. Professor Roethlisberger of the Harvard 
Business School has written that “the executive should 
become less interested in what’s right and more interested 
in what works”. 

Good communications downward insures good communi- 
cation upward on the part of your subordinates. Sometimes 
you have to weigh the disturbance caused by giving out 
certain information against the disturbance caused by em- 
ployees who surmise rather than know. The decision to com- 
municate depends on the imagination of the staff and their 
tendency toward jitters. Here, timing is of extreme im- 
portance, and the manner of presentation of information 
may spell the difference between success or failure. Some 
supervisors play their cards close to their chests, while 
others lay all the cards on the table. The people you are 
playing with, their psychology, the general group make-up, 
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What American 
scientific research 


can mean to you 


This book provides a broad-scale look at 
a $4,000,000,000-a-year business—scientific 
research in America today. Written by 
a skilled team of Fortune Magazine 
science writers, it explains in everyday 
language how scientific research is car- 
ried out, what is being accomplished, and 
how it is influencing our lives. 


With the penetrating analysis for which 
Fortune is famous, the book gives a clear, 
intimate picture ‘of the new young scien- 
tists and what they are doing, such science- 
for-sale organizations as the Arthur D. 
Little Company, the long-range plans and 
activities of such organizations as the Bell 
Telephone Laboratories, and the role of 
the independent, lone inventor. 


The authors show how U. S. research- 
ers have helped develop new concepts of 
brain function, devised ways to purify salt 
water, discovered cloud seeding, applied 
electronic computers to weather forecast- 
ing, developed new metals, conceived the 
transistor, brought modern chemistry to 
the aid of the farmer, extracted power 


from the atom, and other important scien- 
tific steps. 


THE 


MIGHTY FORCE 
OF RESEARCH 


By the Editors 
of Fortune 


308 pages, 51/2 x-8 
21 illustrations, $4.00 


Gives you such pertinent 
scientific facts as:: 


@ the real picture of our present water supply 
and what we can expect in the future 


@ the conceivable—and much debated—effects 
of “cloud seeding’’ on our climate 


@ why recent chemical developments may double 
farm productivity in the next two decades 


@ how the transistor has affected and will 
affect the radio and television industries 


@ what new metals are needed for further ad- 
vancements in aviation 


@ how far we have really gone in harnessing 
solar energy 


@ what the weaknesses are in our present 
methods of measuring human intelligence 


@ how far can industrial automation go in the 
foreseeable future? 


ORDER YOUR COPY TODAY 


RESEARCH & ENGINEERING 


103 Park Avenue, New York 17, N. Y. 


and the size and importance of the informa- 
tion “kitty,” should help to dictate your 
strategy. 


Communicating Sideways 

In my opinion the most critical phase of 
communications exists in the sideways 
area. This is the willing and voluntary ex- 
change of information by persons of equal 
status where these persons are known to be 
contenders for the next promotion; by the 
very structure of organizations they are 
pitted against each other as rivals. 

The thought of across-the-board com- 
munications as an administrative problem 
does not always occur to the supervisor. If 
it does, the thought can easily be rational- 
ized away and I am convinced that much 
of this does happen subconsciously. How is 
the supervisor to ride herd on persons who 
fail to pass the word laterally, for reasons 
of selfish interest, simple neglect, or sheer 
inconsiderateness? The remedy I suggest 
for a situation like this is to have carefully 
spelled-out statements of areas of technical 
responsibility which have been discussed 
in meetings where all concerned arrive at 
a common understanding. The importance 
of interchange of information within these 
areas, up, down and across, should be 
keenly emphasized. Within this framework, 
any excuse is a feeble one if repeated very 
often. In my opinion, more people fail to 
advance because of this deficiency than for 
any other reason. How can a man be ad- 
vanced when his supervision is constantly 
provided with evidence that he will con- 
sider matters only from his point of view 
and from no other? Good communication 
sideways is one means of advancing up 
the executive ladder; unfortunately, a great 
many supervisors fail to realize this. 

Communication may be affected through 
any of the five senses; the most common 
ways are, of course, through spoken and 
written media. However, gestures, facial 
expressions and firmness of handshake are 
all means of communicating sentiments 
and attitudes, even when no words are ex- 
changed. You often communicate, then, 
even when you think you don’t. This is an 
important concept of communication. 


How You Communicate 

How you communicate depends upon who 
you are communicating with. To do an 
effective job, you must study the recipient 
of your communique. If your boss will not 
read anything over one page in length, don’t 
submit a three-page letter. If you are 
writing to non-technical men, don’t bore 
them with tables of data and formulas. If 
you are asked to write a report on a cer- 
tain project, find out who is going to re- 
ceive the report and then beam it toward 
them in language and concepts they can 
grasp. 

When written for one type of recipient, 
reports have a habit of being peddled to 
many others, with the result that criticisms 
are sometimes leveled against the author. 
I suspect it is for this reason that most 


reports contain an abstract; a summary 
the conclusions; a summary of experimenté 
procedure for those who want to dig; a 
an appendix with derivations and tables fe 
those who are deeply interested. The reade 
can then stop reading at a point where hi 
interest is exceeded. It is important, how 
ever, that each part of the report be care 
fully beamed at the people who would b 
expected to take appropriate action. On 
should always be aware that reports ar 
not written for the author. 

In the same way, in talking strive fo 
understanding and not just for delivery o 
well thought-out, high-sounding phrase: 
We scientists and engineers are very pron 
to this, so we are told. 


Means cf Communication 

There are many means of communicatin 
I have before me a list of 48 devices an 
vehicles for communication. How many o 
these can you sit down and write off? Ar 
you overlooking some really good methods 
Is your standard repertoire limited to onl]. 
two or three? Does it reach everyone i 
should reach? Does your communication ge 
stereotyped and stale? How much variet 
have you introduced in the past year? I 
enough of you are interested in communicé 
tions devices that are applicable in researc 
organizations, we can arrange to print 
list of them in a future column. In th 
meantime, I presented a case last mont: 
for discussion. The sequel to it follows 
Let’s have your reaction to this part of thi 
case. 


The Servocomp Company (continued) 
This is a sequel to the April case in whic 
the heads of the Engineering and Researe 
Departments of Servocomp (the name i 
fictitious) were charged with the job o 
reorganizing so that the existing overla 
of functions could be eliminated. After 
long period of dissention they were abl 
to come up with a plan which was satis 
factory to the President of company. Thi 
part of the case deals with the communi 
cation of the reorganization plans to thos: 
affected. 

The Research Department had been o 
ganized with a Director, an Associate Di 
rector and four Division Heads reportin, 
to the Director. 

As might well be imagined, during th 
period when the reorganization was bein; 
studied, Research was rife with rumor 
Fantastic stories were legion. On Nervou 
Thursday, the stories hardened into greate’ 
authenticity when several anonymous co 
riers from Engineering carried the tiding” 
that an announcement would be made th 
following Tuesday. Following is a ca 
densation of the events of the succeedin 
days: 


Friday—Peripheral rumors ceased; a peri 
of watchful waiting ensued. 


Monday—Outlying districts were hearé 
from, all strengthening the imminence su 
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in Thursday’s word. It was apparent 
at some members of Engineering were 
en parts of the picture and these parts 
vere beginning to seep through with the 
isual distortions. 

uesday—The deadline day came and went 
vith no official word. Several people who 
iad been recently transferred to Research 
trom Engineering were called in by the 
Director and told where they fitted into the 
ganization. It became evident from what 
hey reported that there were to be two 
separate divisions, one for Research and 
me for Development, but there was no in- 
formation on who had been selected to head 
these divisions. 


Wednesday—Two of the four Division 
heads were called into the Director’s office 
and apparently were told details on the 
new organization. The other two were not 
meluded. Late in the day the grapevine 
divulged their names as the two new Divi- 
sion heads, together with the report that 
one of the remaining Division heads was 
to be eased into a consulting capacity with 
no line responsibility. 


Thursday—One of the two informed Divi- 
sion heads (the scheduled head of Re- 
search) held a divisional meeting and told 
his men what he knew. This substantiated 
the rumor that one Division head was be- 
ing eased out. The Director called in one 
of the other Division heads and verified the 
rumor that he would be a consultant but 
still reporting to him. By now almost every- 
one knew the set-up. The only person not 
officially informed was the Division head 
most affected. The men working for him 
became most apprehensive. 

- 


Friday—The scheduled head of the De- 
velopment Division called in his staff and 
told them officially what they already knew, 
supplying only a few more details. This 
was given out with the admonition that 
it be kept confidential. As of five o’clock, 
e fourth Division head has still re- 
eived no word and he clearly shows his 
ression. His men are worried and are 


ying to pump him for more information. 
one official pronouncement has been 


What principles were not invoked that 
should have been? What about communica- 
ion? How can the Division head get the 
esearch Director conscious of the morale 
lement ? What obligations do they have 
do this, if any? 
lease address your replies to Dr. Mer- 
A. Williamson, c/o Research & Engi- 
ring, 77 South Street, Stamford, Conn. 


Discussion of Frank Davis’ Dilemma 

w. A. Mohun, Director of Research for 
General Abrasive Co., Inc., stated three 
management principles involved in this 
case, presented in March: (1) “The prime 
management principle .. . is that the es- 
sential qualification of a supervisor is (to) 
be able to manage people”; (2) “... is that 
supervisors have a responsibility for train- 
ing their subordinates and preparing them 
for promotion”; (3) “....- is that un- 
pleasant situations should be faced and 
definite action taken”. According to (1) 
“Bill Eaton cannot be promoted. Yet tolera- 
ting the status quo will only lead to com- 
plications and will retard progress”. Ac- 
cording to (2) “Frank Davis should have 
started long ago to bring Bill Eaton to 
see that his irritability will stand in the 
way of a promotion”. But he adds it may 
not be too late. His solution is for Frank 
to “call Bill in and put it up to him square- 
ly, but diplomatically, that his failure to 
manage himself prevents his promotion”. 

D. B. Keyes of Arthur D. Little, Inc., 
takes essentially the same approach advo- 
cated by W. A. Mohun. In discussing a sit- 
uation quite similar to this which he knew 
about, he writes: “ ‘Frank’ had a heart- 
to-heart talk with his ‘Bill Eaton’ and 
told him there was only one way to solve 
the problem. He said, ‘Bill, it is up to you 
to persuade someone in the Section to show 
you how to handle this project and to act 
as your guide or advisor. You are on trial 
as a project leader. If you make good, fine, 
if not, we will still keep you in research.’ 

“The result was that Bill found out he 
did not want to be a project leader—too 
much grief trying to handle men. Further- 
more, Bill really got to know other men 
in the Section much better, and they in 
turn began to understand him better. 

“‘Frank’ admitted to me the results 
were not perfect, but he did gain by this 
experiment.” The important difference. is, 
of course, that regardless of the outcome, 
Bill is still a member of the company. 

Eugene J. Caron, Manager, Television 
Engineering Dept. of Radio Condenser Co., 
concurs with Mohun’s point (2) and feels 
that Frank Davis “might have avoided 
the situation”. He too recommends that 
Frank take Bill aside and try to help him 
realize his own weaknesses which, once 
recognized, “he will, in all likelihood, take 
steps to correct...” 

L. Pessel of Wyndmoor, Pa., comments: 
“The feeling of Bill’s own men towards 
him are not unusual when a mediocre crew 
discovers in its midst a mind of creative 
originality and uncompromising drive. 
Also, Bill’s acerbity might at least be part- 
ly due to stifled ambition and a feeling of 
being kept at an undeservingly low level. 
Such aggressive mannerism is often the 
reaction of an inferiority complex. If Bill 
gets his promotion, his manners are bound 
to become more mellow as a consequence 
of relaxed tensions and a sense of dignity 
produced by the elevation of his position.” 


P pelter way 


to perform 


these operations 


2 “Grooving” 
_ deposited 
‘ carbon 

| resistors 


printed 
resistors 
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It’s the “Airbrasive” way — the 
method that uses gas-propelled 
abrasive to do the work. There’s 
no heat, shock or vibration. The 
cutting is always constant and can 
be controlled to remove extremely 
minute amounts of material. 
SEND US YOUR PARTS and an 
outline of your requirements for 
trials. We'll be glad to make 
recommendations. ' 


For details write for 
BULLETIN 5411 


Bo 


S.S.WHITE INDUSTRIAL DIVISION 
Dept. 11 10 East 40th St., N. Y. C. 16, N. Y. 


Western Office: 
1839 West Pico Blvd., Los Angeles 6, Calif. 


INDUSTRIAL 
“AIRBRASIVE” UNIT 


FOR MORE INFORMATION 
CIRCLE 19 ON PAGE 48 
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Modern Gas Analysis 
by PAUL W. MULLEN 


Reviewed by Dr. R. C. Vickery, 
Section Head of Chemistry, 
Horizons, Inc. 


This is No. 6 in the excellent series of 
manuals prepared by these publishers on 
methods of laboratory evaluation and is 
generally in good conformity with previous 
members of the series. 

Although this book is “‘designed to give 
the student or industrial chemist ... an 
acquaintance with the entire field of gas 
analysis”, I feel it will generally find a 
home on the shelves of a large library, 
rather than the more austere book shelves 


of a student or industrial chemist. But it. 


will nevertheless frequently be referred to. 
It is conceivable that the main fault with 
this monograph lies in the conciseness re- 
quired by its mode of presentation and a 
more expansive book, of which the present 
volume might well be a draft, would be of 
inestimable value. There is undoubtedly 
room for a good book in this field, but the 
last sentence of the introduction is rather 
abnegatory —.“Hempel’s Gasanalytische 
Methoden, published in 1900, outlines gas 
absorbents, apparatus, and methods of 
analysis of gas mixtures, all of which, to 
some extent, are still standard in gas ana- 
lytical work.” The literal interpretation is 
therefore that gas analysis has not ad- 
vanced very far in over half a century. 
However, since approximately half of the 
book relates to instrumental methods of gas 
analysis, it may be interpreted that the 
emphasis, even in this field, is now on 
physical rather than chemical attributes. 
Illustration of this book is, in general, 
excellent, although the great use of blocks 
from catalogues of scientific supply houses 
diminished my enjoyment of the text. 
Possibly because of the conciseness previ- 
ously referred to, I looked in vain for a 
reference to the Reisch test—that “die- 
hard” stand-by of industrial gas analysis, 
currently employed by what must be every 
sulphuric acid plant in the world. Similarly, 
in the chapter on measurement of P-V-T 
parameters the author states that for every 
use, gauges must be calibrated empirically 
for each gas. Although fundamentally cor- 
rect, few laboratories adhere to this prac- 
tice and, in many cases, a different gauge 
for each gas used is rare; an effective sec- 
tion could therefore have included how a 
meter for one gas could be calibrated for 
another by calculation. 
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Again, blood is said to be the best reagent 
for carbon monoxide, yet only seven lines 
of print are apportioned to it, while the 
use of cuprous chloride fills nearly two 
pages. While conceding the greater use of 
cuprous chloride, I feel the author could 
have added another four or five lines ex- 
plaining why blood is relegated in favor 
of cuprous chloride. 

These few omissions detract little from 
the value of this manual which, in this era 
of science and technology, presents in a 
concise form the fundamentals of gas analy- 
sis techniques and thereby fulfills the aims 
for which it was produced. 

Interscience Publishers, Inc., 
New York, N. Y. 354 pages, $5.50. 


Introduction to Electronic 
Analogue Computers 


By C. A. A. WASS 


Reviewed by C. Earle Theall, Jr., Engineer, 
CGS Laboratories, Inc. 


With analogue computers increasing in 
use, knowledge of analogue techniques will 
become, for many engineers, a necessary 
supplement to knowledge of system analy- 
sis. Simplicity of programming, the ability 
to stimulate complicated systems, and the 
ease of changing parameters in a set up 
problem are valuable features of analogue 
computing. Also, many large systems use 
computing circuitry to perform mathemati- 
cal work within the framework of the over- 
all system functions. 

Mr. Wass describes electronic analogue 
techniques interestingly and clearly. At the 
same time he presents material of suffi- 
cient range and detail to be of use in the 
laboratory. Readers will appreciate the 
simple, direct, yet adequate style and the 
absence of coined words and cumbersome 
constructions that occasionally appear in 
technical writing. 

After an introductory chapter the book 
divides evenly between component design 
and computer applications with five chap- 
ters devoted to each. Amplifiers, function 
generators, multipliers and other non-linear 
components are shown. The chapters on 
amplifiers describe the effect of grid cur- 
rent on drift and the chopper stabilization 
method of overcoming it. Brief mention is 
made of drift due to filament voltage and 
plate supply voltage variations. Circuits 
are shown and described for amplifiers of 
all states of complexity, from single tube 
amplifiers to multi-tube, chopper stabilized 


amplifiers. The uses of amplifiers as 
tegrating, summing and multiplying ce 
ponents are described, showing methods 
setting initial conditions and predicting 
gains required for given accuracies. ” 
control of feedback phase is mentioned! 
a design problem as well as one reason 
avoiding the use of the amplifier as a ¢ 
ferentiating component. 

Discussions of analogue applications 
clude summaries of an automotive susp 
sion problem and an aircraft flight pr 
lem. Also discussed are methods of sett 
up simulators, simulators for nonlin) 
problems, and methods for adjusting : 
testing components. 

The book does not cover all the detai 
information useful in circuit design ¢ 
computer use. Mr. Wass says “. . . the @ 
has been to state basic principles rat 
than to describe detailed designs and 
sign methods”. The book is consistent v 
this aim; it is truly an “Introduction”, © 
a handbook. A short reference list gui 
the reader to thirty sources on differen’ 
analyzers, simulators and computer cé 
ponents and toward well known texts 
related fields. 

McGraw-Hill Book Co., Inc., New Yeo 
N. Y., and Pergamon Press Ltd., Lona 
237 pages, $6.50. 


Vapor Plating, The Formati| 
of Coatings by Vapor- 
Deposition Techniques 


By C. F. POWELL, I. E. CAMPBEI 
AND B. W. GONSET 


Reviewed by Andre de Rudnay, Senior i 
gineering Scientist, College of Engineeri 
New York University 


The general term “Vapor Plating” 
cludes three distinct techniques, all of th) 
relative newcomers to the coating field: | 
purely physical method of nonreactive 1 
uum evaporation and sputtering; the ph 
ico-chemical method of vacuum evaporat 
and sputtering performed in the prese 
of reactive gases; and the purely chem’ 
method of thermal decomposition or rec 
tion of a gaseous compound at the hea 
surface of a target. 

This book, sponsored by the Elect! 
chemical Society, Inc., is solely conce: 
with the last mentioned method, and 
some 150 metals, semi-conductors, all 
hard metals and oxides that can be 


| ed, on a large number of metallic and 
electric targets, by one or several varie- 
s of the chemical vapor plating tech- 
niques. Suitable deposition methods are 
described for each type of coating, and the 
description includes not only the authors’ 
own developments and experience, much of 
it acquired in connection with Project 
RAND, but also a critical survey of pro- 
cedures already outlined in the literature. 
The authors’ main concern was evidently 
2 comprehensive investigation of heat-and- 
corrosion-resistant coatings for combustion- 
and- exhaust-chambers, gas turbine blades, 
ste. However, they emphasize that the vapor 
plating techniques might, and in some cases 
already do, find application in various 
fields of chemical, electronic, mechanical, 
metallurgical and optical engineering. Typi- 
“al enclosed-type batch-coating and con- 
‘inuous-flow apparatus are described in de- 
ail, together with a flow chart for vapor 
leposition by hydrogen reduction. The 
Schott-pistol for free-space oxide coating 
Mf optical glasses is briefly mentioned. 
- Much of the information contained in the 
00k, particularly the summaries on coat- 
ng characteristics, coating adhesion and 
ffect of deposition temperature on proper- 
les of coatings, are also of great value to 
hose interested in vacuum plating. 
Altogether this is an excellent book, a 
much needed, concise and comprehensive 
reatment of the present status of the art 
Mf chemical vapor plating. It is highly com- 
nended to engineers and research workers 
N practically every field of engineering. 
lohn Wiley & Sons, Inc., New York, N. Y. 
88 pages, $5.50. 


“4 
Linear Feedback Analysis 
s¥ J. G. THOMASON, B.Sc. 


Reviewed by Jack Johnstone, Elec- 
onics Engineer, CGS Laboratories, 
ne. 


. Linear Feedback Analysis is a textbook 
‘or the practicing engineer containing 
nuch useful electronic circuit information 
ind few extensive mathematical’ proofs. 
‘acuum tube circuits and associated pas- 
e electrical networks form the chief 
ubjects of analysis. A basic understanding 
Mf the calculus and a knowledge of vacuum 
ibe theory is assumed by the author. 
The introductory chapter deals with 
teady-state circuit analysis and employs 
e@ methods of nodal and mesh analysis 
determinants in the solutions of simple 
ear networks. In the following two 
apters the concept of the Laplace Trans- 
rm and the use of poles and zeros in 
Mining network stability are intro- 


ce Transform. Engineers will appreciate 
| direct treatment of simple feedback 


amples include series and shunt feedback, 
the cathode follower, and direct coupled 
amplifiers. Recourse to idealized circuitry 
is avoided. 

Devoted to the mathematics of the com- 
plex variable and Nyquist’s Criterion, the 
sixth chapter provides a second means for 
determining the stability of a system. This 
is applied to transfer functions too complex 
to be solved readily by the simple algebraic 
techniques outlined in the initial chapters. 
A third method follows in which the phase 
shift and gain are derived from the trans- 
fer function. The effects of circuit pa- 
rameters upon the response of several 
simple passive networks are analysed by 
this technique. To conclude the analytical 
portion of the book, the author correlates 
the three methods of determining ampli- 
fier stability and outlines the practical 
methods of feedback amplifier stabilization. 

The last quarter of the book is of an 
illustrative nature, analysing some com- 
mon electronic circuits. Examples include 
various types of feedback amplifiers, feed- 
back integrators and differentiators (in- 
cluding the Miller sweep circuit), and sta- 
bilized power supplies. 

Illustrative portions of the book, par- 
ticularly this last section, are well written 
and very clear. Many circuit “bugs” com- 
monly regarded as trivial in less practical 
texts are brought to light. The author 
shows an appreciation for the economic 
aspects of engineering and presents al- 
ternative circuits for use where design 
requirements are not stringent 

The analytical chapters have a weakness 
common to many scientific works: that is, 
the failure to follow a mathematical proof 
with a clear statement of the results and 
a set of rules by which theory may be ap- 
plied to real problems. This weakness limits 
the utility of a well-written text for the 
engineer interested in practical application 
of the theory. 
McGraw-Hill Book Co., 
pages, $8.50. 
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Economic Geography of 
Industrial Materials 


BY KENNETH DENBIGH 

Reviewed by John Rivoire, Manager of 
Market Research, Westvaco Mineral Prod- 
ucts Div., Food Machinery & Chemical 
Corp. 


The method employed in this book is 
that of the symposium. Each of the 20 
chapters is written by someone closely 
associated with the industry it covers: the 
chapter on petroleum, for example, is writ- 
ten by John W. Frey of the American 
Petroleum Institute; and the chapter on 
transportation in the introductory section 
by D. P. Locklin of the University of 
Illinois, author of many books and papers 
in the field of transportation economics. 
Most of the contributors are associated 
with industrial concerns or with trade as- 


_sociations rather than academic institu- 
tions or government agencies. 

Apart from the first general section on 
resources and transportation which in- 
cludes editor Carlson’s introductory chap- 
ter on populations and their resources and 
Locklin’s chapter on transportation, the 
book is divided into four parts. The first 
of these deals with “Fuel and Power for 
Industry” and contains three chapters, one 
each on coal, petroleum and electric power. 
The second (part III of the book) covers 
“Products from Minerals”. Its chapters 
deal consecutively with iron and _ steel, 
aluminum, copper, titanium, phosphate 
rock, sulfuric acid, lead and glass, These 
nine chapters form the largest of the four 
industry sections. 

Part IV deals with “Natural and Syn- 
thetic Products”, not a notably clear head- 
ing. This section has six chapters covering 
forest products, pulp and paper, textile raw 
materials, the textile industry, synthetic 
organic chemicals and the cottonseed proc- 
essing industry. The fifth and last part 
of the book deals with agricultural and 
food products. 

This book is somewhat disappointing 
for these reasons: some of the individual 
sections are quite good, but others sketchy, 
and there is little uniformity between 
them; it presents no general scheme which 
shows how the different resources and 
their products fit into industry patterns, 
nor does it present a scheme of analysis. 
Some of the industry sections are unduly 
sketchy—for example, it is hardly possible 
to give an adequate treatment of the syn- 
thetic organic chemical- industry in the 
11 pages allotted. There are some puzzling 
gaps also. Nothing, for example, is men- 
tioned of the rubber industry even though 
it is practically the sole user of a very 
large and important industrial material. 
The building materials, non-metallic min- 
erals and minor metals also seem to have 
been slighted. Finally, one section, that 
on electric power, presents a rather one- 
sided picture and some subtle bias. 

On the positive side, this volume should 
provide a handy reference to the general 
features of some industries. The scope 
is purposely limited to industrial products 
and further limited by the omissions and. 
shortcomings noted above, but within those 
limitations provides good pictures of some 
of these industries. The chapters on tex- 
tiles and textile materials and on petro- 
leum and aluminum are especially good. 
The bibliographies at the end of each chap- 
ter are helpful, but these are not uniform 
in quality, and in some cases are omitted. 

The value of this book to R & D men 
will vary with individual needs. The spe- 
cialist in one area will not find anything 
in it which will add to his knowledge of 
his own specialty, but he should be able 
to get some valuable background informa- 
tion on areas unfamiliar to him. 
Reinhold Publishing Corporation, 
pages, $12.50. 
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Research Reports 


Reports in this section may be obtained 
ices, U.S. Dept. of Commerce, Washington, 


Wool/Synthetic Blends 


Because of processing difficulties in 
velour fabrics of wool/synthetic blends, 
the Air Force has decided to continue to 
use only 100 percent wool for overcoat 
material. Tests on a group of 30 velour 
overcoats of wool blended with synthetics 
in percentages of 10, 20, 30, 40, 50 and 
60 percent were studied. As the percentage 
of synthetic was increased in the blend 
the difficulties at the fulling process in- 
creased and it became more difficult to 
obtain desired color and finish. However, 
when varying degrees of synthetics were 
used an increase in breaking strength was 
noted. Also noted was a general increase 
in flat and flex abrasion resistance. 
Evaluation of Experimental Wool and 
Synthetic Blends in Air Force Velour 
Overcoat Material, PB 111884, 37 pages, 
Siuce. 


Displacement Pump 


Design and construction of a new type 
positive displacement pump for accurate 
metering of liquids is discussed in this re- 
port. It has been applied successfully to 
obtain constant flows, liquid levels, auto- 
matic proportioning, pilot studies of auto- 
matic water chemical treatment, etc. The 
report describes in detail the pump’s con- 
struction, uses and limitation, and contains 
photographs of the pump and its com- 
ponents. 

A Positive Displacement Pump for Ac- 
curate Metering of Liquids, PB 111851, 
11 pages, $0.50. 


Research Information 


Beginning with the February issue, the 

Naval Research Laboratory’s monthly Re- 
port of NRL Progress is now available to 
the public. Each issue contains articles 
and “problem notes” concerning NRL non- 
classified research and development in 
progress. Through this publication, pri- 
vate industry and laboratories can keep up 
with Navy research projects, discoveries 
and advancements, ideas for new develop- 
ments, and avoid duplication of research 
done or in progress for the Navy. 
Report of NRL Progress, published 
monthly, $1.25 per issue. (OTS will not 
set up a subscription list at this time, 
but orders for latest issue may be placed 
each month.) 
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directly from the Office of Technical Serv- 
D. C., unless another source is stated. 


Corrosion of Ball Bearings 


Seven groups of single row, radial ball 
bearings, size 307, each stained or cor- 
roded, were life tested and compared with 
one group of 30 new, class A-1 bearings. 
The average service life obtained for light- 
ly stained bearings was found approxi- 
mately equivalent to that of new bearings. 
However, the life dispersion curves for 
bearing exposed to salt spray for 60 and 
120 minutes showed low trends of service 
life; that of bearings sprayed for 60 min- 
utes was 40 percent as compared to the 
new bearings; those sprayed for 120 min- 


“utes only 12.5 percent. 


Investigation of the Effects of Corro- 
sion on the Service Life of Ball Bear- 
ings, PB 111829, 44 pages, $1.25. 


Improved Magnesium Coatings 


Protective coatings for magnesium parts 
using a vinyl toluene-ether ester vehicle in 
both the primer and the topcoat are de- 
seribed in this report. The primers are 
pigmented at 89 percent pigment volume 
concentration with zinc chromate and sili- 
con dioxide. 

Protective Coatings for Magnesium, PB 
111886, 213 pages, $5.50. 


Titanium Electrodeposition 


Results of two projects to develop meth- 
ods for the electrodeposition of titanium. 
The first report: a relatively simple pro- 
cedure for obtaining a diffusion coating of 
good corrosion resistance of titanium on 
iron, mild steel, copper and other metals. 
Includes description of variables and data 
on corrosion of titanium in fused salts. 
Electrodeposition of Titanium, PB 
111798, 57 pages, $1.50. 


The second reports a preparation of 
concentrated titanium-aluminum and zir- 
conium aluminum alloy baths by reacting 
in ether solution boron trichloride, lithium 
aluminum hydride, aluminum chloride and 
titanium or zirconium tetrachloride which 
proved unsuccessful. An investigation of 
the possibility of alcohols as complexing 
agents in solutions of titanium halides 
obtained no metallic deposits. An exam- 
ination of methods for preparation pro- 
duced a quantity of lithium borohydride. 
Electrodeposition of Titanium, PB 
111876, 11 pages, $0.50. 
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Diodes & Power Transistors 27 


six new germanium power transistors for handling up to 
20 watts input are available for nominal 12 and 28 volt 
operation. Gold-bonded diodes offer exceptional forward 
conductance and low impedance plus fast forward switch- 
ing time. 

Clevite Transistor Products, Waltham, Mass. 


Chemical Windshield Wiper 20 


“rain repellent for airplanes” made up essentially of sili- 
cones and natural and synthetic waxes has been developed 
to eliminate the need for a mechanical windshield wiper, 
which is impractical in high-speed jet aircraft. 

Foster D. Snell, Inc., 29 W. 15th St., New York 11, N. Y. 


Silicone Rubber ai Tiny Scope Tube 28 


only 114” OD, intended primarily for use in lightweight 
portable equipment, or in continuous monitoring service 
for large electronic equipment. The 1HP1 utilizes electro- 
static focus and deflection. It has a flat face, a maximum 
overall length of only 4-1/16” and weighs two ounces. 
RCA Tube Division, Harrison, N. J. 


meets the requirements of Aeronautical Materials Specifi- 
cation 3301B, has excellent resistance to high temperatures, 
low compression set and low moisture pickup. Easy to 
handle. Can be supplied uncatalyzed or in catalyzed form. 
Silicones Div., Union Carbide and Carbon Corp., 

80 E. 42nd St., New York 17, N. Y. 


All-Transistor Vibration Meter 23 


with a self-contained power source which can be carried 
and used anywhere to measure the amplitude of vibrations 
in the 10- to 1000cy frequency range. Uses two ordinary 
2214 volt dry batteries. 

Consolidated Electrodynamics Corp., 

800 North Sierra Madre Villa, Pasadena, Calif. 


Printed-Circuit Laminates 24 


using a special bonding technique, a non-adherent polymer, 
fluro-carbon plastic has been clad with copper. Features 
very low cold flow, zero water absorption, excellent machin- 
eability and a water-repellent surface. Also, it is un- 
affected by acids, alkalies, or common organic solvents. 
International Resistance Co., 401 No. Broad St., 
Philadelphia 8, Pa. 


Plastic Gear Reducer 25 


for use with fractional horsepower motors, in which the 
ease is molded from polyester fibre glass and the gear is 
‘Made of nylon. The worm is of steel. Unit fills a price void 
‘between the stamped clock-type gear and the heavier cast 
‘metal case with cut gears. 


| rradiated Polyethylene 26 


Is especially adaptable as a jacketing material for wire 
and cable in such high-temperature environments as jet 
ircraft and various electronic components. Another fea- 
ure is elastic “memory,” which enables a tight shrink- 
tting under considerable tension for insulating capacitors, 
lugs, splices and soldered joints. 


Atomic Clock 29 


offers a stability of frequency, over extended periods, of 
five parts per ten billion or better as a primary frequency 
standard. Very useful in electronic labs. 


National Company, Malden, Mass. 


High-Vacuum Furnace Facilities 30 


available on a contract basis. Can be used for vacuum 
brazing, and in the annealing, outgassing and stress re- 
lieving of titanium, zirconium and stainless steels. Partic- 
ularly valuable for thin-section and wire materials. Free 
sample service. 

Kinetics Corp., 43 Leon St., Boston 15, Mass. 


Small Chem Lab ; 31 


is provided with ample basic components to enable frac- 
tionation, steam, atmospheric and vacuum distillation, 
chromatographic analysis, extraction, filtration, reflux and 
separation. This apparatus is intended for volumes of less 
than 5 ml to 50 ml. 

Kontes Glass Co., Vineland, N. J. 


Synchros, Servos and Resolvers 32 


are listed in this bulletin in 138 types with major charac- 
teristics. Includes five pancake-type synchros. 

Precision Components Div., Norden-Ketay Corp., 

555 Broadway, New York 12, N. Y. 
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Send new product announcements for inclusion in this section to 
RESEARCH & ENGINEERING, Editorial Offices, 77 South Street, Stam- 
ford, Conn. Accepted as controlled circulation publication at Orange, 
Conn. Copyright, 1956. The Relyea Publishing Corp., 103 Park Ave., 
New York 17, N. Y. Volume 2, No. 5, Section 2, May, 1956. 


Sealed Filament Xformers 33 


are conservatively designed to exceed MIL-T-27 specifica- 
tions and to provide a maximum of reliability through low 
temperature rise and high insulation safety factors. 17 
types are available. 

United Transformer Co., 10 Varick St., New York 18, N.Y. 


Pulse Generators 34 


are designed to cover the entire range of laboratory needs 
for rectangular pulses of varying width and amplitude. 
Type 349 has a repetition rate of 1500 pulses per second, 
very high for an electro-mechanical pulse generator. Type 
351 has a rise time of 0.018 microsecond and a variable 
pulse width from 0.05 microsecond to 100 microseconds. 
Allen B. Du Mont Laboratories, Inc., 750 Bloomfield Ave., 
Clifton, N. J. 


Radioactive Materials Containers 35 


constructed of polyethylene; the containers when conta- 
minated can be decontaminated with 99% cleanliness with 
one cleaning operation. The bottles measure 53” overall, 
are made of seamless cast polyethylene tubing, 48” long in 
the shell, with a 434” OD: the shell has a 3/16” wall. 
American Agile Corp., P. O. Box 168, Bedford, Ohio. 


Filter-Driers 36 


are now available in low cost steel as well as spun-end 
copper or red brass shells; for automotive, commercial and 
industrial air conditioning and refrigeration. 

Remco, Inc., Zelienople, Pa. 


Telephone Relays 37 


are available in six general types, most of them with a 
number of variations. Type A relays are single-coil with 
double-stacked spring combinations. Fast acting relays have 
operate times ranging from .008 to .020 second, and re- 
lease times of the same order. 

Stromberg-Carlson Co., Rochester 3, N. Y. 


Printed Circuit Power Resistors 38 


offered in six sizes and four wattages. The two-watt RLS 
resistor is offered in three sizes. Other sizes and wattages 
are the RLS-5, 5 watts; RLS-7, 7 watts; and RLS-10, 10 
watts, respectively. ‘ 

Dale Products, Inc., Columbus, Neb. 


Transistor Random Pulse Generator 39 


lightweight unit (less than 6 lbs.) delivers random pulses 
at a controlled rate from 10 to 1000 pulses per second. 
It operates for over 100 hours from four batteries. 

Universal Atomics Corp., 19 E. 48th St., New York 17, N.Y. 


Class C Insulation 41 


made from flake mica and a mineral binder. Possesses the 
properties of heat distortion at 1700°F, complete flame 
resistance, and are resistance with no carbon tracking. 
Spruce Pine Mica Co., Spruce Pine, N. C. 
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Precision Line, Inc., 68 Main St., Maynard, Mass. 


Ferrite Amplitude Regulator 


can reduce the strength or amplitude of a very high fre 
quency signal and control it to correspond with any othe: 
signal in a system. The regulator can hold microwave sig: 
nals at a constant level even though their frequencies var; 
over a wide range. 
Sylvania Electric Products, Inc., 1740 Broadway, 

New York 19, N.Y. 


Hushed Transistor Amplifiers 4: 


two new oscilloscope pre-amplifiers incorporating thi 
“hushed transistor” principle; have less than 0.45 micro 
volts rms noise voltage referred to the shorted inpv 
terminals over a 60ke pass-band, less than 0.06 micr 
volts over a 300cy pass-band. 

Volkers & Schaffer Mfg. Corp., Schenectady, N. Y. 


Series-String Tubes 


which will reduce series-string heater power 25 percent— 
thus easing design problems in the trend to smaller seti 
Draw 450ma of heater current. . 
Tube Dept., General Electric Co., Schenectady 5, N. Y. 


Single-Turn Pots 4! 


includes all sizes from 14” to 3” diameters. Bases are ¢; 
aluminum alloy, gold anodized per AN-QQ-A696a. Stair 
less steel clamp rings permit easy phasing and secure clam 
ping of ganged units. Radial shaft play is reduced t 
0.0003” max. and concentricity is 0.0003” T.I.R. 


Agitator 


belt drive unit is useful in any application where liquid 
must be stirred or agitated slowly and positively, an 
where there must be no possibility of contamination. Fc 
chemical industries. 

Little Giant Products, Inc., 1580-1600 No. Adams St., 
Peoria, Ill. 


Thermistor Test Kit 


will enable design engineers to economically investigat 
and evaluate the potentialities of employing these vers 
tile semi-conductor ceramic units in the latest circuit de 
signs. The kits available in three sizes priced from $9.9 
to $39.95. 
Thermistor Corp. of America, Metuchen, N. J. 


Symbols for Pneumatic Valve Controls 


40-page booklet has a well-organized compilation of a 
JIC symbols. The simplified drawings in each category mai 
be used to designate the pneumatic equipment of a 
manufacturer, and the drafting template guide which a¢ 
companies the booklet is an aid in the quick drafting c 
the desired symbols. Booklet, together with drafting ten 
plate guide, is available for $1.00 from 

Ross Operating Valve Co., 120 E..Golden Gate Rd., — 
Detroit 3, Mich. ‘- 


ycket Battery 51 


- rocket and transistor applications where reliability is 
f paramount importance is a silver zinc type employing 
pile-type construction instead of the conventional plate- 
ype construction. Dry shelf life is expected to be five years. 
MF Micro-Pak Power Div., Colorado Springs, Colo. 


\dhesive-Treated Plastic 53 


heets, specially-treated on one or both sides to allow bond- 
ig to a variety of materials or to itself using commer- 
lally-available adhesives. Can be cemented to steel, alumi- 
um, wood, plastics, cardboard or rubber. 

hamban Engineering Co., 11617 W. Jefferson Blvd., 
ulver City, Calif. 
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‘iny Pulse Xformers 54 


fhich meet all the performance requirements of the so- 
allied ‘“‘miniature” series widely used in computers and 
uilitary electronics are furnished in both single and double 
nded constructions, the former for printed circuits. 

prague Electric Co., 419 Marshall St., North Adams, Mass. 


ligh-Speed Aluminizer 55 


or use with cathode ray tubes up to 27”. The complete 
vacuation and aluminizing cycle has been cut to several 
nutes. Both manual and automatic operation. 

mney Mfg. Div., The New York Air Brake Co., 

640 Washington St., Boston, Mass. 


tainless Fastenings 56 


clude dowel pins, taper pins, wing nuts, acorn nuts, large 
ex-head bolts (1” diameter and up), 18-8 Philips sheet 
etal screws and machine screws, 0-80 and 1-72 socket set 
nd cap screws. Available in a full range of sizes in 18-8 
tainless steel. 

tar Stainless Screw Co., 699 Union Blwvd., 

aterson, N. J. 


flil Specs 57 


or a wide variety of adhesives, coatings, and sealers lists, 
1 file type form, various Military, Army, Navy and Federal 
pecification designations with the corresponding adhesive, 
ealer or coating that meets spec requirements. 

hesives and Coating Div., Minnesota Mining & 
mecouring Co., 423 Piquette Ave., Detroit 2, Mich. 


fotorized Brinell Measurements 58 


utomatically indicate the diameter of the Brinell impres- 
ms, in accordance with the standard Brinell method. Use 
a “go-no go” gage. 

es Industries, Inc., Testing Machines Div., 

20 Rochelle, N. Y. 


temote Control 59 


ntrolex Corp. of America, Hangar 18, Westchester 
mty Airport, White Plains, N. Y. 


Stop Clocks 61 


with electrical reset facilitate the accurate measurement 
of time intervals. They are accurate to +0.20% of Reading 
+20ms from -55°C to 85°C, over wide voltage variations. 
A. W. Haydon Co., Waterbury, Conn. 
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Quality Control 63 


booklet explains how a recent revision of the federal tax 
law favors initiation of more quality control and research. 
Smaller firms, especially, will be helped by Section 174 of 
the new Internal Revenue Code permitting investments in 
research and experimentation to be deducted currently. 
Scientific Apparatus Makers Association 20 No. Wacker Dr., 
Chicago 6, Ill. 


Compact Power Supplies 64 


for rack model regulated D-C supplies, specially designed 
to occupy a minimum of panel area have a panel height of 
only 514”. 

Lambda Electronics Corp., 11-11 181st St., 

College Point 56, N. Y. 


Industrial Standardization Seminar 


will be held June 18 through 22, 1956, in New York City. 
There will be two conferences each day, Monday through 
Friday, mornings 9:30 to 12:00, afternoons 1:30 to 4:00. 
For further information about registration for the June, 
1956 Gaillard Seminar, or special arrangements for a com- 
pany standards seminar, write direct to 

Dr. John Gaillard, 400 W. 118th St., New York 27, N. Y. 


Here’s a brief review of last month’s advertising in 
RESEARCH & ENGINEERING as a service to readers. 
Fire Resistant Fluid 70 


designated Cellulube 220, is one of a series of synthetic 
(non-petroleum) chemical compounds for use as hydraulic 
fluids to minimize danger of fire and explosions in acti- 
vating deck-edge elevators. 

Celanese Corp. of America, Chemical Div., Dept. 548-D, 
180 Madison Avenue, New York 16, N. Y. 


Vacuum-Deposited Coatings 71 


for optical elements Type 81-E eliminates fogging, icing, 
blurring and opaqueness with no appreciable optical change. 
Good adhesion, high resistance to abrasion. Electrical resist- 
ance is low, light transmission high. 

Liberty Mirror Div., Libbey-Owens-Ford Glass Co., 
Brackenridge, Pa. 


Plotting System 72 


measures torque, pressure, load, tension or thrust. One 
test engineer can conduct 314 second test runs on a con- 
tinuous basis. System is instantaneously responsive and 
accurate to 0.1%. 

Electronics & Instrumentation Div., Baldwin-Lima-Hamil- 
ton Corp., 806 Massachusetts Ave., Cambridge, Mass. 
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Versatile Oscilloscope 73 


designated type 545 specializes in high-speed pulse analysis 
and is easily adapted to other applications through inex- 
pensive plug-in preamplifiers. 

Tektronix, Inc., Box 831K, Portland 7, Oregon. 


Compound High Vacuum Pumps 


with these characteristics: (1) reliable high vacuum, (2) 
rapid recovery of vacuum, (3) simple to maintain, (4) 
dynamically balanced, (5) standard small motors, (6) small, 
compact design, (7) gas ballasted (optional). 

Kinney Mfg. Div., The New York Air Brake Co., 

8642 Washington St., Boston 30, Mass. 


High Accuracy Synchros 


series R900 have probable error of 7 mins., maximum error 
10 mins. High and low temperature stability, corrosion 
resistance, and low prices. 

Kearfott Co., Inc., Little Falls, N. J. 


Reusable Stop Nut 76 


available from 0.80 to 4” in a wide range of materials. 
Locking collar is unthreaded and elastic has inside dia- 
meter smaller than standard bolts..Can-be.stopped-in-any.- 
position on the threaded length of the bolt. 

Elastic Stop Nut Corp. of America, Dept. N82-481, 

2830 Vauxhall Rd., Union, N. J. 


Finishes Modernization 77 


now may result in economies later. New materials and im- 
proved methods applied to your products may result from 
an early consultation. 

Tousey Varnish Co., 520 W. 25th St., Chicago 16, Ill. 


Specialization Service 78 


for custom-made chemical requirements may save time, 
equipment and staff. For volume production or pilot plant 
runs, chemicals are available in small bottle lots to car- 
loads. Catalog available. 

Baker & Adamson, General Chemical Div., Allied Chemical 
& Dye Corp., 40 Rector St., New York 6, N. Y. 
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Relays 7 


built to all quality levels, from the most exacting to ft 
simplest. Over 350 standard relay types can be suppli\ 
or send your specifications for samples and quotations "| 
Potter & Brumfield, Princeton, Ind. | 


Optical Equipment : | 


listed in Optics Catalog AB for direct order. Comparato} 
magnifiers, microscopes and accessories. No charge q 


illustrated catalog. 
Edmund Scientific Corp., Barrington, N. J. 


Vapor Fractometer ‘| 


gives butene separation in 15 minutes. Fast, precise, 1| 
complicated, Model 154 employs principles of gas chror} 
tography. Gives clean separation of components é 
isomers. Price: $2200.00, including recorder. Bulletin. 
Perkin-Elmer Corp., Norwalk, Conn. 


Lithium Uses \ 


range among lithium metal as a reducing agent in orga) 
reductions using various organic and inorganic solven 
use in organic synthesis of the Grignard type; for 
preparation of organo-metallic compounds of other meq 
as an analytical reagent for nitrogen. 

Lithium Corp. of America, Inc., 2697 Rand Tower, 
Minneapolis 2, Minn. 


Small Parts 


bulletins on diecasting, plastic molding, industrial fast 
ers, gear & pinions, standard parts are available describ) 
cast-assembled small parts in single units or continuov 
interlocked assemblies. Maximum unit length of sn 
parts 114”, maximum weight 14 oz. 

Gries Reproducer Corp., 1384 Beechwood Ave., 
New Rochelle, N. Y. 


Tin Applications 


booklet reports on new uses of tin, including uses a 
bearing metal, in new tin bearing alloys, to harden « 
strengthen copper, as constituent of solder. 

Malayan Tin Bureau, Dept. 34D, 1028 Connecticut Ave 
Washington 6, D. C. 
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and mail to: Research & Engineering 
103 Park Avenue 
New York 17,-N.Y. 
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GRC's small parts are doing a big job for industry: 


helping product planners improve design while substantially reducing costs. 


Yes, almost any industry you can name is 
benefitting from Gries’ specialized small 
parts’ manufacturing techniques. Exclusive 
GRC patented techniques and specialized 
machinery are giving design engineers 
wider latitude in their plans, enabling them 
to solve hitherto “impossible” parts prob- 
lems, and to take advantage of many time- 
and money-saving short cuts. Broadly, GRC 
offers facilities for custom diecasting and 
plastic-molding of tiny parts; whichever 
the method, each part is engineered and 
manufactured to do its job better, because 
it is made better—at less cost. 


GRC SPECIALIZED DIECASTING 


Mass-produced in quantities from 100,000 
to many millions, GRC’s corrosion resistant 
zinc-alloy small parts are diecast in one 
automatic operation, completely trimmed 
and ready for use. Smallness and intricacy 
are unlimited—maximum length 1%” 
weight up to % oz. Cost you less, because 
Welding, scrap loss, expensive tools, 
Machining, and assembly are eliminated or 
reduced—design is simplified. GRC has 
‘complete facilities for low-cost secondary 
‘machining and finishing. 


GRC’S EXCLUSIVE INTERCAST PROCESS gives 
ou completely cast-assembled small parts 
Single units or continuously interlocked 


srid’s Foremost Producer cf Small Diecastings 


assemblies. Maximum unit length 1%”, 
maximum weight % oz. 


GRC INJECTION PLASTIC MOLDING 


Parts up to .03 oz. in weight and 114” long 
are economically molded of nylon or any 
other thermoplastic. Gries’ unique molding 
technique minimizes shrinkage problems of 
nylon and makes the most of its important 
mechanical and electrical properties. 


AUTOMATIC INSERT MOLDING. Gries has ex- 
clusive facilities for molding individual in- 
serts and molding plastic elements on con- 
tinuous inserts, such as wire, cord, etc. 


GRC INDUSTRIAL FASTENERS 


A complete line of zinc-alloy diecast wing 
nuts, cap nuts, thumb-nuts, wing screws, 
rivets; stocked for immediate delivery in 
any quantity. Rustproof, accurate, and dur- 
able, in plain bright and all commercial 
finishes. 


GRC STANDARD PARTS 


A large variety of zinc-alloy diecast stand- 
ard and specialized components for open- 
stock orders. Includes such items as gears, 
pinions, rings, buckles, and thousands of 
components for all industry—all of the 
same quality and finishes as GRC fasteners. 


WRITE, WIRE OR PHONE TODAY 
for copies of BULLETINS describing 
GRC SERVICES and PRODUCTS: 


C] 


Small Parts Diecasting 

Small Parts Plastic Molding 
Industrial Fasteners 

Stock Sheet — Gear & Pinions 
Standard Products 


EEE) 


RIES REPRODUCER CORP. HB 41141.)_ 403 


* 134 Beechwood Ave., New Rochelle, N. Y. @ NEw Rochelle 3-8600 


FOR MORE INFORMATION CIRCLE 90 ON PAGE 48 


AIRBORNE ELECTRONICS 
AND 
WEAPON CONTROL SYSTEMS 


At Ramo-Wooldridge today there exists a wide range 

of projects intended to aid aircraft in navigating to the 
vicinity of targets, finding the targets, destroying them, 
and returning safely to base. Work is under way in such 
fields as infrared and microwave detection, information 
display, communication and navigation, and analog and Simulators in computing center 
digital computing. Some projects are in the laboratory 2] 
development stage, some in the flight test stage, some 
in pilot production. 


Positions are available for scientists and engineers 
in these fields of current activity: 


Good progress is being made in the establishment of OR EECA ELisEeLa cae Systenis 


facilities and operational patterns that are well tailored Airborne Electronic and Control Systems 


to the unique requirements of advanced electronic Electronic Instrumentation and Test Equipment 
d 4 f Guided Missile Research and Development 
systems work, 


Automation and Data Processing 
Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET LOS ANGELES 48, CALIFORNIA 


